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PREFACE. 

TTmay  be  ealily  perceived  by  the  title  of  this 
-*■  work,  that  it  is  not  offered  to  the  public  as  a 
finiihed  piece  on  the  fubjcd.  To  treat  of  the 
theory  and  pradliceof  electricity,  in  the  fulleft 
manner,  would  require  a  larger  treatife,  and  em- 
ploy more  time  than  1-  can  devote  to  a  work  of 
this  kind. 

The  fcience  of  eledlricity  is  now  generally  ac- 
knowledged to  be  ufeful  and  important;  and 
there  is  great  reafon  to  think,  that  at  a  future 
period  it  will  be  looked  up  to  as  the  fource  from 
whence  the  principles  and  properties  of  natural 
philofophy  muft  be  derived.  It's  utility  to  man 
will  not  be  inferior  to  it's  dignity  as  a  fcience. 

1  have  not  attempted  to  trace  eledlricity  from 
it*s  firft  rude  beginnings,  or  to  follow  the  mind 
of  man  in  it's  various  and  irregular  wanderings, 
inTearch  of  the  laws  by  which  it  adls,  and  the 
fource  from  whence  it  is  derived,  as  this  has  been 
fowell  executed  by  Dr.  Prieflley.  Our  view  of 
things  is  fo  circumfcribed,  and  the  myfteries  of 
nature  fo  profound,  that  it  is  not  eafy  for  us  to 
determine,  whether  the  received  theory  is  founded 
on  the  bails  of  truth,  and  conformable  to  nature, 
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or  whether  we  fhallbe  confidercd,  by  future  phi-* 
lofophers,  as  mere  children,  amufed  and  fatis- 
fied   with    imperfect  opinions   and    ill-digefled 
theories.     When  a  variety  of  things  are  mixed 
together,  which  have  little  or  no  connection,  they 
naturally  create  confufion.  -  It  has  been  my  en- 
deavour, in  the  following  eflay,  to  colled  and 
arrange,  in  a  methodical  and  concife  manner, 
the  ellential  parts  of  ele6lricity,  by  thefe  means 
to  render  it's  application  eafy,  pleafant,  and  ob- 
vious to  the  young  praBitioner ;   and  by  bring- 
ing together  experiments  of  the  fame  kind,  make 
them  mutually   illuftrate  each  other,  and  thus 
point  out  the  ftrength,  or  difcover  the  wbaknefs, 
of  the   theories   that  have  been  deduced   from 
them.     Though  the  nature  and  confined  limits 
of  my  plan  did  not  admit  of  much  variety  of  ob- 
fervatioD,  or  a  formal  enumeration  of  every  par- 
ticular, yet  few  things,  I  hope,  of  ufe  and  im- 
portance have  been  omitted. 

As  I  do  not  wiih  to  incur  the  imputation  of 
plagiarifm,  I  with  pleafure  acknowledge  the  af- 
liliance  I  have  received  from  the  different  authors 
who  have  written  on  this  i&^bje6l.  I  have  ufed  an 
unreferved  freedom,  in  feleding  from  their  works 
whatever  I  found  to  anfwer  my  purpofe.  I  am 
particularly  obliged  to  Sir  Jofeph  Banks,  for  his 
politenefe  in  lending  me    **  Les  Memoires  dc 
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rAcademie  de  Berlin/*  for  1780,  at  a  time  when 
I  could  not  procure  them  elfewhere. 

The  various  interruptions  and  avocations,  from 
which,  as  a  tradefman,  I  cannot  be  exempt,  will, 
I  hope,  induce  the  reader  to  make  fome  favour- 
able allowances  for  any  errors  which  he  may  dif- 
cover,  and  kindly  corred  them  for  himfelf. 

Being  encouraged  by  the  very  rapid  fale  of  the 
firft  edition  of  this  work,  to  offer  another  to  the 
public,  I  have  endeavoured  to  render  it  more 
perfecfi:  by  fuch  additions  and  alterations,  as  either 
occurred  to  my  own  mind,  or  were  fuggefted  to 
me  by  others.  The  reader  will  find  moft  of  the 
chapters  either  enlarged  by  the  addition  of  nevsF 
matter,  or  improved  by  a  different  arrangement 
of  the  old ;  more  particularly,  the  chapters  on 
medical  eledlricity  and  the  Leyden  phial. — The 
effay  on  magnetifm  is  alfo  conliderably  enlarged ; 
for  the  prefent  difpolition  and  order  of  treating 
it,  I  am  indebted  to  the  ingenious  and  kind  hints 
of  Dr.  Lorimer.  The  additions  are  illuflrated 
by  two  new  plates,  and  an  engraved  frontifpiece. 
I  have  been  engaged  by  my  friends  to  prefix 
an  introdudion  to  this  work,  in  order  tp  render 
it  more  ufeful  to  thofe  who  are  not  already  ac- 
quainted with  the  principles  of  this  fcience,  to 
which  I  have  fubjoined  an  account  of  the  prin- 
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cipal  difcoveries  that  have  been  made  in  eledri^ 
city,  iince  the  publication  of  thefe  eflays. 

I  beg  leave  to  avail  myfelf  of  this  opportunity 
to  inform  the  public,  that  I  am  engaged  in  ar- 
ranging and  preparing  for  the  prefs  different 
effays  on  the  mechanical  parts  of  mathematical 
and  philofophical  learning,  and  explaining  the 
various  ufes  of  the  different  inftruments  in  their 
prefent  ftate  of  improvement;  which,  I  trull, 
will  greatly  tend  to  facilitate  the  attainment  of 
knowledge,  and  accelerate  it's  progrefs.  For 
this  purpofe  I  have  been  at  a  confiderable  expence 
in  coUediing  fuch  materials  as  may  enable  me  to 
offer  to  the  public  fome  elTays  on  this  fubjecfl, 
which  I  hope  will  not  be  found  unworthy  of  it's 
patronage,  and  which  I  mean  to  publifh  with 
convenient  fpeed. 
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ELECTRICITY, 


Of   electricity,  of    ELECTRICS, 
AND  NON-ELECTRICS. 

'Tn HERE  is  a  natural  agent  or  power,  gene- 
-*•     rally  called   the  eledlric   fluid,  which  by 
fridlion,  or  other  means,  is  excited,  or  brought 
into  a6lion. 

This  aclion  is  manifefted  to  our  fenfes  by  what 
are  termed  elecflric  appearances. 

Thefe  appearances  are — the  attraction    and 
repulfion  of  light  bodies. — pencils  of  light  dart- 
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ing  from  the  eledlrilied  body,  attended  with  a 
fnapping  noife  on  the  approach  of  certain  fub- 
fiances. 

Experiment. — Take  a  glafs  tube  of  an  inch  and  a  half 
in  diameter,  and  about  three  feet  long,  rub  this  tube  from 
one  end  to  the  other,  with  the  hand,  or  a  piece  of  dry 
filk,  and  it  will  exhibit  ele6lric  appearances,  or  be  excited. 
The  power  thus  brought  into  a6lion  v^^ill  attraft  and  then 
repel  fmali  light  bodies  ;  fmall  pencils  of  light  will  alfo  dart 
from  the  tube  in  a  beautiful  manner,  attended  with  a  crack- 
ling noife,  if  the  finger,  or  any  other  metallic  fubftance  is 
brought  near  the  tube. 

Ex  p  E  R  iME  NT. — Put  your  cylinder  in  good  order,  by  the 
rules  laid  down  in  Chap.  IL  of  the  following  Effay.  Then 
turn  the  glafs  cylinde?,  and  all  the  forementioncd  appear- 
ances may  be  obferved  ;  but  as  the  aftion  of  the  cylinder  is 
flronger  than  that  of  the  tube,  the  effefts  will  be  more  viiiblc 
in  the  former.  In  thefe  two  experiments  the  fri6lion  againft 
the  tube  or  cylinder  has  brought  into  aftlon  and  rendered 
fenfible  an  agent,  which  before  was  apparently  dormant  and 
invifible  to  us. 

With  refpeft  to  the  eleflric  matter,  all  fubffcances  may 
be  divided  into  two  claifes,  electrics,  or  non-ele6lrics. 

Electrics  do  not  iiiffer  the  eledlric  matter  to 
pafs  readily  over  their  furfaces  j  hence  they  arc 
alfo  called  non-conduclors. 

Non-ele6trics  permit  the  eledlric  matter  to 
pafs  readily  over  their  furfaces ;  from  whence  they 
are  termed  condudtors. 

EXPJSRIMENT, 
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Experiment. — A  metallic  cylinder  being  fixed  upon  a 
glafs  fupport,  and  placed  near  the  eleftric  machine,  will 
receive- the  eleftric  fluid  frem  the  glafs  cylinder,  which  will 
diffufe  itfelf  over  the  whole  furface  of  the  metallic  cylinder. 
It  does  not  however  readily  pafs  over  the  glafs  fupport, 
but  is  detained  by  it  on  the  metallic  cyhnder,  from  whence 
it  may  be  conveyed  by  any  metallic  fubftance. 

A  metaUic  cylinder  fupported  by  glafs,  and  furnifhed 
with  fharp -pointed  wires  to  colle6l  the  eleftricity  from  the 
glafs  cylinder,  is  called  the  prime  conduflor. — It  is  faid  to 
be  infulated  by  the  glafs  fupport,  becaufe  this  obftrufts'the 
paffage,  or  cuts  off  the  communication  of  the  ele6lric  fluid 
with  the  earth. 

This  experiment  will  ferve  to  give  a  general  idea  of  the  ' 
foundation  of  the  general  divifion  of  all  fub fiances  into  elec- 
trics and  non-eleftrics ;  but  as  it  is  a  diftin6lion  which  runs 
through  the  whole  bufmefs  of  eleftricity,  we  fiiall  endea- 
vour to  elucidate  it  further,  by  entering  more  fully  into  the 
properties  by  which  thefe  fubflances  are  diftinguiflied. 

Eledlrics,  or  non-condudlors,  may  have  any 
.  part  of  their  furface  rendered  eledrical  by  fridlion, 
without  difFuling  the  fame  kind  of  eledricity  to 
any  other  part  of  their  fubftance. 

Non-eledrics,  or  condudors,  cannot  be  ren- 
dered eledrical  by  friBion,  and  when  eledlrified 
by  any  other  means,  the  eledlricity  is  diffufed  over 
the  whole  of  their  furface,  and  every  part  thereof 
exhibits  the  fame  kind  of  electricity. 

The  partial  diftribution  of  the  eledric  fluid  on  non-con- 

b  2  duftors 


xiv         INTRODUCTION. 

duftors  is  eafily  fliewn,  by  only  exelting  one  part  of  ^  glafs 
plancj  or  a  glafs  tube. 

The  equal  difFufion  of  this  fluid  is  feen  by  the  prime  con* 
du6lor  when  ele^lrifiedr 

A  condudlor  ele&ified  by  communication, 
parts  with  the  whole  of  it's  eledricity  at  once  to 
any  conducing  fubftance,  (that  cammunicates 
with  the  earth)  when  brought  in  contadl  with  it ; 
ora  condudlor  cannot  be  eledlrificd  while  it  com- 
municates with  the  earth,  becaufe  all  the  elec- 
tricity is  carried  ofF  by  the  communication. 
Whereas  under  the  fame  circumftances  an  excited 
eledlric  lofes  it's  eledlricity  only  in  thofe  parts, 
which  are  near  the  conducing  fubftance,  or  ta 
which  it  is  applied. 

Experiment. — Toilluftrate  this  pofition,  bring  any  con- 
dufting  fubftance,  that  communicates  with  the  earth,  in  con- 
taft  with  the  prime  conduftor,  and  it  will  immediately  de- 
prive it  of  all  the  ele6lricity  it  had  acquired ;  but  if  the- 
fame  conducting  fubftance  is  brought  near  the  excited  glafs 
cylinder,  it  will  only  take  off  a  portion  of  the  eleftric  mat* 
ter  from  that  part  to  which  it  is  applied. 

Seme  conducting  fubflances  are  more  perfed: 
than  others. 

Experiment. — The  fluid  will  pafs  more  readily  over  a 
metal  rod,  than  one  of  wood. 

Among  condudlors,  metals  are  the  mofl:  perfect ;  fealing- 
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wax,  rofin,  and  glafs,  are  amongft  the  befl  non-condu6lors. 
For  a  lift  of  conducing  fubftances,  &c.  fee  page  16, 

The  eledtric  fluid  may  be  excited  by  fridion;, 
by  heating  and  cooling. 

Experiment, — In  working  the  eleftrical  machine,  this 
fluid  is  excited  by  friftion.  The  Tourmalin  ftone  is  ex- 
cited by  increaling  or  diminilliing  it's  heat.  See  Chap.  I.  of 
the  following  ElTay,  and  alfo  pages  339  and  368, 

Ot  excitation,  and  of  the  con- 
trary STATES  OF  THE  ELECTRIC 
FLUID.  , 

The  excitation  produced  by  rubbing  of  elec- 
trics againft  each  other  is  very  fmall. 

Experiment. — Rub  two  pieces  of  glafs,  orfealing-waxj 
together,  and  only  a  fmall  degree  of  eleftricity  will  be 
obtained. 

It  is  therefore  neceffary,  that  the  rubber  fhould  be  a  con- 
duding  fubftance,  and  that  it  fhould  not  be  infulated. 

Only  a  fmall  quantity  of  eleclricity  can  be 
produced,  when  the  rubber  and  condudlor  of  an 
electrical  machine  are  both  infulated. 

Experiment. — Take  off  the  chain,  which  is  generally 
fufpended  from  the  cufhion  to  the  table  J  turn  the  machine» 
and  you  will  find  lefs  eleftricity  than  when  the  cufhion  or 
rubber  communicated  with  the  earth. 

if 
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If  the  rubber  of  an  ele6lrical  machine  be  infu- 
lated,  and  the  condudlor  uninfulated,  or  made  to 
communicate  with  the  earth,  by  hanging  a  chain 
from  it ;  on  turning  the  cylinder,  the  rubber  will 
be  ftrongly  eleclrified,  and  will  attrad:  and  repel 
light  bodies,  and  exhibit  the  fame  general  ap- 
pearances as  the  prime  condu6lor. 

Experiment.— Connc6fe^  an  imfulated  conduflor  with 
the  rubber,  place  another  before  the  cylinder,  and  both 
will  be  eleftrified. 

The  conduftor  which  is  ele6lrified  by  the  cylinder  will 
attra6l  thofe  bodies,  which  are  repelled  by  the  conductor 
that  is  connefted  with  the  cufhion,  and  vice  verfa. 

If  thefe  condu6lors  are  brought  near  each  other,  ftrong 
fparks  will  pafs  between  them. 

If  they  be  brought  into  conta61:,  (or  if  they  are  connefted 
together  by  a  chain)  the  cleftricity  of  one  will  deftroy  that 
of  the  other;  and  though  the  fluid  may  be  feen  to  circulate 
round  the  cylinder,  yet  the  two  conduftors,  when  thus  con- 
joined, will  exhibit  few  or  no  figns  of  eleftricity. — From 
thefe  experiments  it  may  be  inferred, 

That  there  are  two  powers  in  eledricity,  the 
one  termed  poiitive  eledtricity,  the  other  negative 
cledtricity;  that  thefe  powers  may  be  rendered 
evident  tothefenfeswhen  they  are  feparated;  and 
that  they  counterafi:  each  other  when  united, 
the  one  deftroying  the  effedls  of  the  other. 

To  render  this  pofition  more  clear,  we  fl->all  re-confider 

tkQ  foregoing  experiments   on  the  two  conduftors,  com- 
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paring  them  with  fimilar  experiments  on  two  conduelors 
eleftrified  with  the  fame  power.  Eleftrify  two  conduftors 
equally,  by  placing  them  before  the  cylinder,  (that  is,  elec- 
triTy"both  pofitively)  and  the  following  obfervations  may- 
be made :  i .  That  what  is  attracted  or  repelled  by  the  one, 
is  alfo  attrafted  and  repelled  by  the  other  ;  whereas,  in  the 
foregoing  inflance,  what  the  one  attrafted,  the  other  repel- 
led. 2.  That  no  fparks  will  pafs  between  two  conduftors 
equally  eleftrified  with  the  fame  power,  though  they  will 
pafs  continually  between  two  eleftrified  with  different 
powers.  3.  Conne6t  the  two  condu6lors  that  are  before  the 
cylinder,  and  fparks  may  be  taken  from  them,  which  can- 
not be  done  from  the  others  when  they  are  united. 

The  conduftor  connected  with  the  cufhion.  Is  faid  to  be 
negatively  eleftrified. 

The  condu6tor  placed  before  the  glafs  cylinder  is  faid  to 
be  pofitively  eleftrified.  [a) 

Thefe  experiments  may  be  eafily  exhibited  by  one  con- 
duftor,  if  the  rubber  be  infulated;  by  means  of  the  two 
dirdftors  with  glafs  handles,  that  are  defcribed  page  3 1 4.— . 

Take 

(^a)  Hence  every  ele6lrical  machine,  with  an  infulated 
rubber,  may  be  confidered  as  afting  in  a  threefold  manner. 

1.  As  a  machine  producing  negative  eleftricity ;  by 
connefting  the  prime  conduftor  to  the  earth  by  a  chain,  and 
taking  the  fluid  from  the  cuHiion  or  rubber, 

2.  As  a  machine  producing  pofitive  eledlricity.  To  ef- 
feft  this,  make  the  rubber  communicate  with  the  ground  by 
a  chain,  and  take  the  fluid  from  the  conduftor. 

3.  As  communicating  the  aftion  of  both  powers  at  once. 
In  this  cafe,  the  rubber  and  conduftor  mufl  both  be  infula- 
ted, and  the  fubflance  to  be  ele6lrified  placed  between  tw# 
^ireftors  cennefted  with  them. 
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Take  ofF  the  chain  from  the  cufhion,  and  conneft  a  direftor 
with  it  by  a  wire  or  chain,  and  conne6t  another  direftor 
with  the  prime  conduftor  ;  turn  the  cylinder,  and  on  bring- 
ing the  direftors  near  to  each  other,  fparks  will  pafs  from 
the  one  to  the  other ;  the  one  will  alfo  attraft  what  the 
other  fepels,  and  when  brought  into  contaft,  neither  of 
them  will  exhibit  any  figns  of  eleftricity. 

The  eleftricity  produced  by  the  excitation  of  glafs,  is 
called  pofitive  eleftricity. 

The  eleftricity  produced  by  the  excitation  of  fealing- 
wax,  or  rofin,  is  called  negative. 


Of   electrical   ATTRACTION 
AND  REPULSION. 

If  two  bodies  be  eledlrified,  both  politively, 
or  both  negatively,  they  repel  each  other. 

If  one  be  eledrified  pofitively,  the  other  nega- 
tively, they  attract  each  other. 

A  body  not  at  all  electrified  will  be  attracted 
by  thofe  which  are  eledrified,  either  negatively 
or  pofitively. 

ExPERiMENT.^—Eledrify  a  pair  of  infulated  pith  ball* 
pofitively,  and  they  will  repel  each  other.     See  page  54. 

Experiment, — -Eleftrify  a  pair  of  infulated  pith  balli 
negatively,  and  they  will  repel  each  other. 

Experiment. — A  pair  of  infulated  pith  balls  eleftrificd 
{lofAively,  will  attra6l  a  pair  that  are  eieftrified  negatively. 

Experiment, 
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Experiment. — A  pair  of  infulated  pith  balls  eleftrified 
negatively,  are  attraftcd  by  excited  glafs,  and  repelled  by 
excited  wax  ;  and  the  contraiy :  for  if  the  balls  are  eleftrified 
politively,  they  will  be  repelled  by  excited  glafs,  and  attraft- 
ed  by  excited  wax. 

Experiment. — A  pair  of  infulated  balls  in  their  natural 
ftate  are  attracted  both  by  excited  glafs,  and  excited  wax. 

The  repulfion  of  balls  eleQrified  pofitively  is 
deftroyed  by  the  appKcation  of  an  equal  degree 
of  negative  electricity. 

Experiment. — Eledrify  two  pair  of  pith  balls  equally, 
but  one  with  pofitive  eleftricity,  the  other  with  negative ; 
bring  the  cylinders  by  which  the  balls  are  fufpended  in  con- 
tafl:,  and  the  balls  will  immediately  clofe. 

Experiment. — Eleftrify  two  pair  of  infulated  pith  balls 
equally  with  pofitive  eleftricity,  bring  the  cylinders  by 
which  they  are  fufpended  in  contaft,  the  balls  will  remain 
unaltered. 

From  thefe  experiments  it  may  be  Inferred,  that  in  the 
natural   ftate  of  eleftricity    the    two    powers     are  always 
united  ;  that  they  only  become  vifible  by  their  feparation, 
and  that  when  feparated  they  manifeft  themfelves  by  thofe 
appearances   which  we  term   ele61-rical.     It  is  highly  pro- 
bable, that  the  general  phsenomena  of  nature  are  canied  on 
by  thefe  powers  when  united,  and  the  more  particular  pha^- 
nomena,  or  difcordant  notes  in  the  great  fyftem  of  the  unf- 
verfe,  are  occafioned  by  the  aftion  of  thefe  powers  when 
feparated,  and  their  conftant  tendency  to  unite.     Be  this  as 
it  may,  the  foregoing  ppfitions  will  be  found  to  illuftrate 

Q  all 
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all  the  experiments  on  eleftric   attraftion,  from  whichwe 
have  fele61:ed  the  following,  as  fome  of  the  moft  pleafing. 

Experiment. — Light  feathers,  hair,  &c.  connected  with 
the  conduftorj  are^  when  eleftrihed,  attracted  by  any  non-» 
eleftric  body. 

Experiment  . — The  hair  of  any  perfon  that  is  ele£lrified 
becomesrepellent. 

Experiment. — Down  feathers,  bits  of  leaf  gold,  paper 
images,  and  other  light  bodies  brought  near  the  conduftor, 
are  firfl  attrafted,  and  then  repelled. 

Experiment. — The  two  outfide  bells,  fig.  17,  commu- 
nicate by  a  chain  with  the  conduftor  ;  the  middle  bells  and 
the  two  clappers  are  fufpended  by  filk,  which  is  a  non-con- 
duftor.  The  eleftric  fluid  paffes  from  the  conduftor  to  the 
outfide  bells,  thefe  attrafl;  the  clappers  and  impart  eleftricity 
to  them,  which  they  in  their  turn  communicate  to  the  mid- 
dle bell,  from  whence  it  is  conveyed  by  a  chain  to  the  earth. 
The  clappers,  in  receiving^and  communicating  the  fluid,  are 
alternately  attracted  and  repelled. 

Thofe  fubflances  that  are  brought  within  the 
influence  of  eledrified  bodies,  become  poiTefTed 
of  a  contrary  eledricity ;  or,  bodies,  which  are 
immerged  in  an  eledric  atmofphere,  always  be- 
come poiTeiTed  of  an  elediricity  contrary  to  that 
of  the  body  in  whofe  atmofphere-  they  are  im- 
merged. 

See  Experiment  xviii.  xix.  xx.  xxi,  xxiii.  xxiv.  xxv. 
©f  the  following  EA'avo 

Experiment. 
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Experiment.  —  Bring  a  condu6lor  (without  pointed 
tvires)  near  to  the  glafs  cylinder,  whilft  the  machine  is 
working.  If  the  conduftor  be  not  infulated,  it  will  be 
negatively  eledrified,  till  it  is  brought  fo  near  as  to  receive 
fparks  from  the  cylinder.  If  the  conduftor  be  infulated,  it 
will,  in  the  fame  fituation,  be  eleftrified  negatively  in  the 
parts  neareft  the  glafs  cylinder,  and  pofitively  in  the  parts 
more  remote  ;  as  may  be  feen  by  bringing  a  glafs  tube,  which 
is  pofitively  eledrified,  near  a  ball  which  is  fufpended  from 
the  conduftor. 


Of  electrified    POINTS. 

The  eleclic  fluid  appears  as  a  diverging  flream 
darting  forwards  into  the  air  from  a  pointed 
body  politively  electrified. 

It  appears  as  a  little  globular  flar  on  a  point 
negatively  eledrified.  (a) 

Experiment, 

[a)  Mr.  Nicholfon  has  fhewn,  that  it  is  the  property  of 
all  fhort-pointed  condu6tors  riling  out  of  another  furface 
nearly  plane,  to  give  a  fpark  when  pofitively  ele6lrified, 
but  none  when  negatively  ;  hence  he  contrived  an  inftru- 
ment  for  diftinguifhing  the  two  eleftricities,  which  is  repre- 
fented  at  fig,  lo,  in  the  plate  facing  the  end  of  the  fupplement, 
A  and  B  are  two  metallic  balls,  which  may  be  placed  at 
different  diflances  from  each  other  by  means  of  the  joint  c  ; 
the  two  legs  c  A,  c  B,  are  of  varnifhed  glafs ;  from  one  of 
the  balls  A  proceeds  a  fhort  point  towards  the  other  ball 
^;  along  fpark  will  pafs  from  the  ball  A  towards  B,  when 

c  2  it 
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Experiment. — ^Thefe  appearances  are  to  be  obferved  in 
a  dark  room  on  the  extremity  of  a  pointed  wire  fixed  upon 
a  conduftor  politively  or  negatively  eledtrified;  or  on  a 
wire  held  in  the  hand,  and  prefented  to  a  pofitively  or 
negatively  eleftrified  conduftor. 

Experiment . — Thefe  phae nomena  are  beautifully  ex- 
hibited by  the  luminous  conductor, 

A  current  of  air  is  occafioned  from  an  eledlri- 
fied  point. 

Experiment, — Place  a  pointed  wire  in  the  condu£lor, 
and  hold  the  hand  over  it  when  the  machine  is  in  aftion, 
a  veiy  fenfible  wind  will  be  felt  by  the  hand. 

Experiment-— Stick  feveral  piecesof  paper  or  card  like 
\''anes  in  a  cork,  through  the  center  of  which  a  needle  or 
ileel  pin  pafTes,  fufpend  the  whole  by  a  magnet,  prefent  one 
of  the  vanes  to  a  pointed  wire  inferted  in  the  conduftor, 
and  they  will  be  put  in  motion  by  the  current  occafioned  by 
the  point,  and  will  turn  with  rapidity.  See  alfo  experiments 
Ixxvii.  Ixxviii,  Ixxix.   Sec,  pf  thisEffay. 

A  pointed  wire  placed  on  or  brought  near  to 
an  eledlrified  conductor,  gradually  and  filently^ 
diffipates  the  cleflric  fluid. 


It 


it  is  pofitively  ele6brified ;  but  the  eleftricity  will  pafs  with- 
out fparks,  and  fcarce  any  noife,  when  it  is  eleftrified  nega- 
tively.— Nicholfbn's  Introduftion  to  Natural  Philofophyj 
2d.  edit,  p.  3^0, 
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It  is  to  be  obferved  here,  that  if  the  point  is  brought  with- 
in certain  limits,  it  will  not  difcharge  the  condu6lor  in  the 
manner  exprefied  in  the  foregoing  pofition,  but  by  a  fuc- 
cefiion  of  fmall  explohons  very  quickly  following  each 
other,  which  leads  to  the  following  pofition. 

If  an  ele6lrified  point  be  fituated  in  fuch  cir- 
cumftances  as  to  caufe  the  fluid  to  accumulate 
on  the  conductor  ;  or,  in  other  words,  if  it  is 
fo  fituated,  that  the  power  of  the  fame  name  with 
that  of  the  conductor  cannot  be  readily  difcharged 
from  it,  it  will  then  receive  the  dedlricity  from 
the  condudor  in  the  form  of  a  llrong  fpark. 

Experiment.— Place  a  pointed  wire  on  the  end  of  a 
fpiral  tube,  and  it  will  take  a  fpark.  See  alfo  experiment 
Ixiii,  civ.  and  clvii.  of  the  following  EfTay, 

Of   the  LEYDEN  PHIAL. 

A  glafs  jar  or  phial  coated  on  both  fides  (ex- 
cept about  two  inches  from  the  top)  with  tinfoil, 
or  any  other  conducting  fubftance,  is  called  the 
Leyden  jar  or  phial. 

If  one  lide  of  this  jar  is  eledrified,  while  the 
other  fide  communicates  with  the  earth,  it  is  faid 
to  be  charged. 

If  a  communication  is  formed  from  one  fide 

of  the  jar  to  the  other  (by  a  conducing  fub- 

ftance)  after  it  has  been  charged,   an  explofion 

6  will 
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will  be  heard,  and  the  jar  is  faid  to  be  difcharged. 
A  Leyden  phial  cannot  be  charged  when  it  is 
infulated ;  that  is,  when  neither  fide  communi- 
cates with  the  earth. 

As  the  apparatus  reprefented  at  fig.  49,  pi.  II.  is  the  moft 
jready,  and  beft  adapted  for  illuftrating  the  phsenomena  of  the 
Leyden  phial,  we  fhall  confine  ourfelves  principally  to  i^ 
in  this  part  of  the  prefent  Summaryw 

Experiment. — Screw  the  phial  with  the  belt  on  it*s 
infulated  ftand,  as  at  fig.  48  ;  bring  the  coating  in  contact 
with  the  conduftor,  turn  the  machine  flowly,  and  after  a 
few  turns  remove  the  phial  from  the  conduftor  ;  then  form 
a  communication  between  the  outfide  and  the  infide  of  th® 
phial  J  by  placing  one  end  of  the  difcharging  rod  firft  upon 
the  coating,  and  then  bringing  the  other  end  of  the  rod  to 
the  brafs  ball  of  the  bottle  ;  there  will  be  no  explofion,  the 
bottle  not  being  charged  becaufe  both  fides  were  infulated. 

Experiment. — Hanga  chain  from  the  brafs  ball  of  the 
phial  to  the  table,  then  bring  the  coating  in  conta6t  with 
the  conduftor,  and  after  a  few  turns  of  the  machine  re- 
move the  phial  as  before;  then  apply  the  difcharger,  an 
explofion  will  be  heard,  and  the  botde  will  be  difcharged  ; 
for  in  this  cafe,  the  infulation  of  the  infide  is  deftroyed 
by  the  chain,  and  the  phial  becomes  capable  of  receiving  a 
charge. 

As  much  of  the  eledlrical  fluid  is  thrown  off 
from  one  fide  of  a  jar  when  charging,  as  is  com- 
municated to  the  other. 

^^  Experiment* 


INTRODUCTION.      xxv 

Experiment. — Place  the  coating  of  the  jar,  fig.  48,  in 
contaft  with  the  conduftor,  and  the  knob  of  another  equal 
fized  jar  (as  L,  fig.  49)  in  contaft  with  the  knob  of  the  firft ; 
turn  the  machine  a  few  times,  then  remove  the  jars  from 
each  other,  and  from  the  conduftor ;  apply  a  difcharger,  as 
before  direfted,  firft  to  the  one,  then  to  the  other,  and  you 
will  find  them  both  equally  charged;  the  jnfide  of  the 
fecond  phial  having  received  from  the  infide  of  the  firft,  as 
much  of  the  fluid  as  the  outfide  thereof  received  from  the 
machine.     See  alfo  exper,  Ixxiv. 

When  a  Leyden  phial  is  charged,  the  two 
fides  thereof  are  in  contrary  ftates ;  that  is,  the 
one  is  politively,  the  other  negatively  eledirified. 

Experiment, — Charge  the  jar,  fig.  48,  by  bringing  the 
coating  in  contaft  with  the  conduftor,  and  letting  a  chai» 
fall  from  the  ball  to  the  table.  "When  it  is  charged,  remove 
the  jar  from  the  conduftor,  and  the  chain  from  the  knob. 
The  coating  of  the  jar  will  eleftrify  a  pair  of  infulated 
pith  balls  pofitively,  and  the  knob  will  eleftrify  a  pair  nega- 
tively; evincing  that  the  infide  and  outfide  of  the  jar  are 
in  contrary  ftates. 

Reverfe  the  foregoing  experiment,  by  bringing  the  knob 
of  the  jar  in  contaft  with  the  conduftor,  and  letting  a  chain 
fall  from  the  outfide  coating  to  the  table ;  charge  the  jar, 
and  remove  the  chain,  the  coating  will  now  eleftrify  the 
infulated  pith  balls  negatively,  and  the  knob  will  eleftrify 
them  pofitively. 

Experiment. — Charge  the  jar,  fig.  48,  pofitively;  con- 
neft  a  direftor  with  the  chain  from  the  coating,  and  bring 
the  ball  of  the  diredor  towards  the  knob  of  the  bottle;  a 

cork 
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cork  bail,  or  an  artificial  fpider,  fufpended  by  a  filk  ftring, 
will  play  between  the  two  balls  till  the  bottle  is  difcharged, 
carrying  the  fluid  from  one  to  the  other,  till  it  has  reflored 
the  equilibrium. 

A  jar  is  faid  to  be  poUtively  ele&ificd,  when 
the  infide  receives  the  fluid  from  the  condudor, 
and  the  outfide  is  conneded  with  the  earth. 

It  is  faid  to  be  negatively  ele&ified,  when 
the  ou tilde  receives  the  fluid  from  the  condudlor, 
and  the  infide  communicates  with  the  earth,  (^a) 

The  contrary  dates  of  the  Leyden  phial  fliewn 
by  the  charge  and  difcharge  thereof. 

Experiment. — Take  two  bottles  of  the  fame  fize,  as  H 
and  I,  fig.  49,  charge  both  pofitively,  and  connteft  the  coat- 
ings of  eaphj  as  in  fig.  43,  bring  the  two  knobs  together, 
and  no  explofion  will  take  place,  and  the  bottles  will  not  be 
difcharged  ;  bccaufc  the  infide  and  outfide  of  each  bottle  is 
in  the  fame  flatc,  or  endued  with  a  power  of  the  fame  kind, 
and  have  therefore  no  tendency  to  unite.  The  fame  happens 
if  both  are  charged  negatively. 

Experiment. — Charge  one  pofitively,  the  other  nega- 
tively; then  on  bringing  the  knobs  together  as  before,  an 
explofion  will  take  place,  and  both  bottles  will  be  difcharged; 
in  this  the  powers  on  the  inhde  and  outfide  of  each  bottle 
were  of  different  kinds,  with  a  flrong  tendency  to  unite. 

In 

[a]  It  is  neceffary  that  ajar  charging  negatively  fhould  be 
infulated,  becaufe  the  fluid  is,  in  the  firfh  inflance,  convey- 
ed to  the  coating,  and  would,  if  uninfulated,  be  immediately 
carried  to  the  earth. 
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In  the  foregoing  experiments  it  will  be  found  very  convex 
nient  for  the  difcharge  of  the  jars,  to  fcrew  the  wire  K  or 
L  into  the  hole  at  the  top  of  the  infulating  pillar ;  as  tl^e 
coating  of  the  moveable  jar  may  be  placed  on  this  wire,  and 
it's  knob  be  eafily  brought  to  touch  the  infulated  jar. 

The  contrary  ftates  of  the  fides  of  a  Leyden  phial  may  b^ 
exhibited  by  the  appearance  of  the  eleftric  light,  or  pointed 
wires  connefted  with  the  coating,  or  balls  of  the  bottle; 
and  alfo  by  the  different  appearance  thereof  in  vacuo.  But 
for  thefe  we  fhall  refer  the  reader  to  the  following  Eflay,  as 
the  foregoing  experiments  are  fufficient  to  prove  the  faft. 

The  charge  of  a  coated  jar  refides  in  the  glafs, 
and  not  in  the  coating. 

Experiment. — Let  a  plate  of  glafs  be  placed  between 
two  metallic  plates,  about  two  inches  in  diameter,  fmaller 
than  the  plate  of  glafs  ;  charge  the  plate  of  glafs,  and  then 
remove  the  upper  metallic  plate  by  an  infulated  handle  ;  take 
up  the  glafs  plates,  and  place  it  between  two  other  plates  of 
metal  uneleftrified  and  infulated,  and  the  plate  of  glafs  thus 
coated  afrefh  will  flill  be  charged. 

The  pairing  of  the  eledric  fluid  from  one  fide 
of  a  charged  jar  to  the  other,  is  apparently  in- 
ftantaneouSj  through  whatever  length  of  a  me- 
tallic or  other  good  conductor  it  is  conveyed. 

Experiment. — Let  any  number  of  pcrfons  make  a  part 
of  the  circuit  of  communication,  and  the  fluid  will  pafs  in- 
ftgintaneoufly  through  the  whole, 

d  The 
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The  difcharge  of  a  charged  jar  gives  a  painful 
fenfation,  called  the  eledric  fliock,  to  any  animal 
placed  in  the  circuit  of  cornmunication. 

If  th^  circuit  be  interrupted,  the  fluid  will  become  vifiblc; 
and  if  refilled  in  it's  palTage,  will  leave  an  impreflion  upon 
the  intermediate  or  refiFiing  bodies,  [a) 

Experiment. — Let  the  fluid  pafs  through  a  chain,  or 
through  any  metallic  bodies,  placed  at  fmall  diflances  from 
each  other  ;  the  fluid,  in  a  dark  room,  will  be  vifible  be- 
tween the  links  of  the  chain,  or  between  the  metallic  bodies. 

Experiment. — If  the  circuit  be  interrupted  by  feveral 
folds  of  paper,  a  perforation  will  be  rnade  through  it,  and 
each  of  the  leaves  will  be  protruded  by  the  ftroke  from  the 
middle  towards  the  outward  leaves. 

Experiment. — |f  fpirits  of  v/ine,  or  gun-powder,  b^ 
made  part  of  the  circuitj  it  will  be  fired. 

The  force  of  an  eledlric  charge  does  not  de- 
pend on  the  fliape  of  the  charged  furface. 

Let  the  fame  quantity  of  coating  be  placed  upon  a  jar,  and 
upon  a  plate  of  glafs,  the  effetl  will  be  found  to  be  nearly 
the  fame  in  each. 

When  the  furfaces  of  an  eledtric  jar  are  char- 
ged with  a  certain  quantity  of  the  two  powers,  itr 
is  obferved^  that  no  additional  eledtricity  can  be 
communicated  to  them,   however  great  an  exci- 
tation is  applied  for  that  purpofe. 

Or 

(«)  Enfield's  Inftifutes  of  Natural  Philofophy. 
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Of  the  electric  BATTERY. 

The  force  of  the  eledlric  charge  may  be  in* 
creafed,  by  augmenting  the  furface  of  coated 
glafs. 

The  ufual  method  of  efFe6ling  this,  is  to  form  a  GCmmu* 
nication  between  the  infide  of  a  number  of  coated  glafs  jars, 
and  another  communication  between  the  external  coating; 
jars  fo  difpofed  are  called  an  eleftrical  battery. 

Fine  metallic  wire  may  be  melted  by  a  battery,  fmall 
animals  may  be  killed,  thick  pieces  of  glafs  be  fhattered  to 
pieces,  and  other  curious  efFefts  produced,  the  greater  part 
of  which  are  defcribed  ih  Chap.  viii.  of  the  following  Effay* 

The  electric  fluid  and  lightning  are  the  fame 
fubftance. 

Their  properties  and  effefts  are  the  fame ;  flafhiss  of  light- 
ning form  irregular  lines  in  the  air ;  the  eleftric  fpark^  when 
ftrong,  has  the  fame  appearance*  Lightning  ftrikes  the 
highefl  and  moft  pointed  objefts,  takes  in  it's  courfe  the 
beft  conduflors,  fets  fire  to  bodies,  melts  metals  ;  in  v/hich, 
and  many  other  particulars,  it  agrees  with  the  phsenomena 
of  the  eleftric  fluid.  Laftly,  the  lightning  being  brought 
from  the  clouds  to  an  eleftrical  apparatus,  will  exhibit  all 
the  appearance  of  the  ele6lric  fluid. 

It  is  fuppofed  that  buildings  may  be  fecured 
from  the  effeds  of  lightning,  by  fixing  a  pointed 

d  2  metallic 
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metallic  rod  higher  than  any  part  of  the  building, 
and  continuing  it,  without  interruption,  to  the 
ground  or  neareft  water. 

See  Chap.  ix.  of  the  following  Effay.  The  experiment 
moft  generally  ufed  to  illuftrate  this  pofition,  is  that  of  the 
thunder-houfe,  which  is  a  board  fhaped  like  the  gable  end 
ofahoufe,  and  fixed  perpendicularly  upon  an  horizontal 
board  ;  in  the  perpendicular  board  a  fquare  hole  is  made, 
into  which  a  fquare  piece  of  wood  is  to  be  fitted,  fo  that  it 
may  eafily  fall  out  of  it's  place  ;  a  wire  is  fixed  diagonally 
into  this  fquare  piece ;  another  wire,  terminated  with  a  brafs 
ball,  is  fafl:encd  to  the  upper  part  of  the  perpendicular 
board,  with  it's  ball  above  the  board,  and  it's  low^r  end  in 
ronta6l  with  the  diagonal  wire  ;  in  the  fquare  piece  of  wood, 
a  communication  is  continued  from  the  other  end  of  the  dia- 
gonal wire,  by  a  wire  to  the  bottom  of  the  perpendicular 
board.  If  the  wires,  in  this  ftate,  are  made  part  of  a  circuit 
of  communication,  on  difcharging  the  jar,  the  fquare  piece 
of  wood  will  not  be  difplaced  ;  but  if  the  communication  be 
internipted,  by  changing  the  direftion  of  the  diagonal  wire, 
the  fquare  piece  of  wood  will,  on  the  difcharge,  be  driven 
out  of  it's  place.     See  fig.  68. 

If,  inflead  of  the  upper  brafs  ball,  a  pointed  wire  be 
placed  above  the  perpendicular  board,  the  difeharge  may  be 
drawn  off  without  an  explofion. 

Of  a  plate  of  AIR. 

As  the  air  is  an  eledtric,  it  will  receive  a  charge, 
and  give  afliock  like  any  other  eleclric  fubflance* 

This 
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This  is  effefted  by  means  of  two  large  boards,  covered 
with  tin  foil,  the  one  connefted  with  the  conduftor,  the 
other  placed  parallel  to  it  on  an  infulated  fland  ;  thefe  boards 
may  be  confidered  as  the  coatings  to  a  plate  of  air  ;  and  if 
a  communication  be  formed  between  them  by  touching  the 
uninfulated  board  with  one  hand,  and  applying  the  other 
hand  to  the  conduftor,  the  fliock  will  be  felt.  See  Chap. 
X.  of  this  Effay,  and  Nicholfon's  Introdu6lion  to  Natural 
Phiiofophy. 

"  A  great  part  of  the  eleftric  phaenomena,  are  the  confe- 
quence  of  the  air  being  thus  charged.  Thus  the  prime  con- 
du£lor  imparts  it's  eledricity  to  the  furface  of  air  imme- 
diately contiguous  to  it,  and  when  the  fpark  is  drawn,  the 
difcharge  is  made  to  the  non-eleftrics  in  the  room,  which 
are  in  conta6l  with  the  oppofite  furface. 

"  It  is  a  confequence  of  the  air  being  charged,  that 
broad  non-ele6bric  furfaces  draw  large  fparks  from  the  con- 
duftor,  for  the  fparks  are  the  difcharges  of  a  large  plate 
of  interpofed  air  ;  a  lefs  furface  will  draw  a  lefs  fpark,  be- 
caufe  the  fame  machine  charges  lefs  furfaces  higher  than 
greater;  the  fpontaneous  difcharge  through  the  body  of  the 
ele6lric  air,  will  be  made  at  a  greater  diflance  of  the  fur- 
faces ;  that  is  to  fay,  the  fparks  will  he  longer.  If  the  fur- 
face of  the  prefented  plate  be  ftill  fmallerj  the  fparks  will  alfo 
be  fmaller,  and  emitted  to  a  greater  diftance  ;  and  if  the  fur- 
face be  indefinitely  fmall,  or  in  other  words,  if  the  non- 
eleftric  be  pointed,  the  fpark  may  be  fo  fmall  as  to  be  in- 
vifible,  and  the  diftance  to  which  it  can  be  emitted,  may- 
be unlimited.'* 


Of    medical    ELECTRICITY. 

The  fatisfa£lory  experiments  that  have  been  made  on  this 
4  head, 
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head,  by  fome  of  the  firfl-  charafters  in  the  medical  line, 
particularly  at  St.  Thomas's  Hofpital,  by  Mr.  Birch,  have 
eftablifhed  the  reputation  of  eleftricity  in  medicine,  as  they 
have  clearly  proved,  that  when  ufcd  by  the  Ikilful,  it  is 
as  certain  in  it's  effefts  as  any  medicine  in  the  whole  ma- 
teria medica,  and  more  extenlive  in  it's  application. 

In  medicine,  it  has  been  very  judicioufly  coniidered  as 
afting  under  three  forms. 

1.  The  Fluid,  which  may  be  coniidered  as  a  fedative. 

2.  The  Spark,  or  friftion,  which  may  be  ranked  under 
the  title  of  a  ftimulant. 

3.  The  Shock,  which  may  be  confidered  as  a  power- 
ful deobftruent. 

The  fluid  may  be  thrown  upon  or  extraded 
from  the  patient. 

This  is  always  befl  eife£led  by  a  wooden  point. 

1,  Infulate  the  patient,  and  conned  him  with  the  po« 
iitive  conduftor ;  then  prefent  the  wooden  point  of  the 

direftor  towards  him,  and  it  will  gradually  draw  the  fluid 
from  him. 

2,  Let  the  patient  communicate  with  the  ground,  and 
connefl  the  metal  part  of  the  direftor  with  the  pofitive  con- 
duftor,  and  the  fluid  will  be  gently  thrown  upon  the  pa* 
tient, 

3,  Conneft  the  infulated  patient  with  the  cufhion,  then' 
he  will  receive  the  fluid  from  the  direftion  held  in  the 
hand, 

4,  Conneft  the  dire£tor  with  the  cufliionj  and  the  flui4 
will  be  extrafted  from  the  patient* 

Of 
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Of  the  eleftric  fpark,    or  friilion. 

What  has  been  faid  with  refpe£l  to  the  fluid,  is  equally 
applicable  to  the  eleftric  friftion  ;  only  here  the  point  is  to 
be  unfcrewed  from  the  direftor,  and  the  brafs  ball  fcrewed 
on  in  it's  flead. 

In  the  friction,  the  part  fhould  be  covered  with  woollen 
cloth  or  flannel,  and  the  brafs  ball  is  to  be  applied  clofe  to 
the  flannel ;  but  in  taking  fparks,  it  is  to  be  removed  a 
little  diflance  from  the  body. 

To  increafe  the  denlity  of  the  fluid,  or  fpark. 

Y'lJi.  the  medical  bottle  to  the  conduftor,  let  a  chain  fall 
from  the  hook  at  the  bottom  thereof  to  the  table,  place  the 
pleftrometer  on  the  conductor,  (as  it  is  reprefented  in  the 
frontifpiece  to  this  work,)  let  the  ball  of  the  eledrometer  be 
placed  atfome  little  di  (lance  from  the  conduftor,  and  then 
conne£l  your  direftor,  by  means  of  a  wire,  with  the  exterior 
ball  of  the  eleftrometer ;  after  this  preparation,  you  may 
turn  the  machine,  and  when  the  fluid  has  attained  fufficient 
force  to  pafs  from  the  conduftor  to  the  ball  of  the  eleftro- 
jncter,  you  may  apply  the  direftor  to  the  patient,  who  will 
receive  a  denfe  dream  therefrom  ;  the  machine  to  be  kept 
turning  during  the  operation.  Or,  conneft  an  infulated  pa- 
tient with  the  eleftrometer,  and  then,  on  applying  the 
dire6lor  to  him,  you  will  extraft  a  denfe  flream  from  him. 

N.  B.  Whenever  the  direftor  is  ufed  without  being  con- 
nefted  with  the  conduftor  or  cufhion,  the  hand  fhould  com- 
municate with  the  brafs  part  thereof. 

To 
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To  pafs  a  fiream  of  the  eledlric  fluid  through 
any  part  of  the  body,  without  giving  the  fhock. 

1 .  Conne£l  one  dire£lor  with  the  cufhion,  and  another 
with  the  conduftor;  place  the  part,  through  which  you 
want  the  ftream  to  pafs,  between  the  direftors. 

N.  B.  The  denfity  of  this  ftream  is  augmented,  if  the 
bottle  is  fufpended  agreeable  to  the  direftions  in  the  preos^- 
ding  article,  and  one  direftor  joined  to  the  ele6>romcter. 

2.  Infulate  the  patient,  and  apply  a  direftor  that  com- 
municates with  the  conduftor,  (or  with  the  eleftrometer  and 
bottle)  to  one  part,  and  a  brafs  ball  to  the  other. 

To  give  the  Ihock, 

Sufpend  the  bottle  from  the  conduftor,  put  the  eleftro- 
metcr  in  it's  place,  (fee  the  plate  that  faces  the  title-page  of 
this  work)  and  remove  the  inner  ball  a  fmall  diftance  from 
the  condu6lor  ;  then  conneft  one  direftor  by  a  wire  with 
the  hook  at  the  bottom  of  the  bottle,  and  the  other  with  the 
exterior  ball  of  the  eleftrometer  \  the  part  through  which 
the  fhock  is  to  pafs,  muft  be  placed  between  thefe  balls  ; 
tliere  will  be  a  fhock  every  time  the  fluid  has  acquired  fuffi- 
cient  force  to  pafs  from  the  condu6lor  to  the  eleftrometer. 

To  give  a  quick  vibratory  fenfation,  not  fo 
pungent  as  the  fliock,  though  ftronger  thap  the 
Ipark. 

The  directions  in  the  preceding  article  apply  immediately 
to  the  prefent,  with  only  this  difference,  the  ball  of  the 
eleftrometer  may  be  removed  further  ofF,  and  the  long  wire 
i$  to  be  taken  out  of  the  tube  of  the  bottle. 

Of 
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Of  atmospheric  ELECTRICITY. 

The  atmofpherc  is  always  ele<fl:rifiecl,  fome- 
times  negatively,  but  mod  commonly  with 
pofitive  electricity.  In  ferene  weather,  the 
electricity  is  always  politivc,  and  the  quantity  is 
proportional  to  the  quantity  of  moifture. 

Hail  is   always  accompanied  with  ele6l:ricity. 

Rain  generally  fo. 

Low  and  thick  fogs  ftrongly  eleftrical,  though  generally 
m  ore  fo  after  a  froft. 

In  fummer,  the  ele6lricity  of  the  atmofphere  is  very  weak; 
it  grows  ftronger  at  fun-rife,  and  increafes  in  ftrength  with 
the  elevation  thereof ;  at  fun-fet  it  again  becomes  weaker. 

Impetuous  winds  generally  leflen  the  force  of  the  atmo- 
fpheric  eleftricity. 

A  ftrong  eleftricity  often  rifes  with  the  dew,  particularly 
jf  the  feafon  is  cold,  the  fky  clear,  and  very  little  wind. 

Op     A    V  A  C  U  U  M. 

Air  rarified  to  a  certain  degree,  permits  the 
cledric  fluid  to  pafs  eaiily  through  it. 

As  the  air  is  a  non-condu6tor,  it  refifts  the  motion  of  ihe 
cleftric  fluid  ;  therefore,  the  removal  of  it  facilitates  the  ef- 
fort this  fluid  makes  to  efcape  from  the  fubjeft  on  which  it 
is  thrown  ;  at  the  fame  time  it  is  highly  probable,  that  it  is 
^y  means  of  the  vapour  which  expands  itfelf  when  the  pref- 
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fure  of  the  atmofphere  js  taken  off,  tkat  the  ele£tric  fluid  \3 
conduced  through  the  vacuum  ;  for  there  is  reafon  to  think, 
that  eleftricity  always  requires  a  conduftor,  to  make  it  pafs 
from  one  body  to  another  ;  and  this  is  further  confirmed  by 
thofe  experiments,  which  fhew  that  a  more  perfe6l  vacuum  of 
air  is  a  non-conduftor,  which  will  be  fiiewn  in  the  Supple- 
ment, 

Experiment. — Let  a  vacuum  be  made  part  of  the  cir» 
cuit  in  difcharging  a  Leydeh  phial, 

ExFERiiMENT.-^Lct  a  jar  be  charged  in  vacuo. 


A    SUP- 


A 

SUPPLEMENT 

TO        THE 

E      S      S      A       Y 

ELECTRICITY. 

Containing  an  Account  of  the  Principal 
Discoveries  made  in  that  Science^ 
fince  the  Publication  of  the  firft  Edition. 


An  Extra6l  from  Mr.  Dd  Saujfure^s  Inquiries  and 
Obfervations  on  Atmolpherical  Eledlricity.  (a) 

'T^  H  E  eleftrometer  ufed  by  Mr,  De  Sauffure  is  nearly  the 

■*-    fame  as  that  of  Mr.  Cavallo*s,  which  is  defcribed  in 

my  Effay,  at  page  260,  and  at  fig.  yS,    The  following  are 

the  moll  material  circumftances  in  which  they  differ ;  firft, 

the 

(a)  This  eleftrometer  may  be  ufed  inftead  of  the  condenfer 
of  M.  Volta,  by  only  placing  it  on  a  piece  of  oiled  lilk, 
fomewhat  larger  than  the  bafe  of  the  inftrument;  but  in  this 
cafe,  it  is  the  bafe,  and  not  the  top  of  the  inftrument,  which 
muft  be  brought  into  contaft  with  the  fubftance  whofe  elec» 
tricity  i%  to  be  explored,. 

e  2  Bv 
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the  fine  wires,  by  which  the  balls  are  fafpended,  fliould  not 
be  long  enough  to  reach  the  tinfoil  which  is  pafted  on  the 
infide  of  the  glafs,  becaufe  the  ekftricity,  when  ftrong,  will 
caufe  them  to  touch  this  tinfoil  twice  confecutively,  and 
thus  deprive  them  in  ^  moment  of  their  eleftricity.  To  pre- 
vent this  dcfeft,  and  yet  give  them  a  fufficient  degree  of 
motion,  it  is  neceffary  to  ufe  larger  glaffes  than  thofe  that  are 
generally  applied  to  Mr.  Cavallo*s  eleftrometer ;  two  or  three 
inches  diameter  will  be  found  to  anfwer  the  purpofe  very 
well.  But  as  it  is  neceffary  to  carry  '6S  the  eleftricity  which 

may 

By  this  inflrument,  it  is  eafy  to  afcertain  the  degree  of 
conducting  power  in  any  fubftance.  For  example,  if  it  is 
placed  on  an  imperfeft  condu6tor,  as  dry  wood  or  marble, 
and  if  the  inflrument  is  eleftrified  ftrongly,  and  after- 
wards the  top  is  touched,  the  eleftricity  will  appear  to  be 
deflroyed  ;  but  on  lifting  up  the  inflrument  by  the  top,  the 
balls  will  again  open,  becaufe  the  imperfe6l  conduflor 
formed  with  the  bafe  a  kind  of  ele6lrophorus,  by  which 
the  ele6lric  fluid  was  condenfed,  and  lofl  it's  tenfion,  till 
the  perfefl  condu6lor  was  feparated  from  the  imperfe6l  one  ; 
whereas,  if  the  conduftor  had  been  more  perfe6l,  it  woul5 
have  been  deprived  of  it's  eleftricity  immediately  on  the  ap- 
plication of  the  hand. 

It  is  eafy  to  difcover  alfo,  by  this  inflrument,  the  ele6lricity 
of  any  fubftance,  as  of  cloaths,  hair  of  different  animals, 
&.C.  For  this  purpofe,  it  muft  be  held  by  the  bafe,  and  the 
fubftance  rubbed  brifkly  (only  once)  by  the  ball  of  the  elec- 
trometer ;  the  kind  of  eleftricity  may  be  afcertained  in  the 
ufual  manner.  It  is  proper,  however,  to  obferve  here,  that 
as  the  top  of  the  eleftrometer  a£ls  in  this  cafe  as  an  infulatcd 
tubber,  the  eleftricity  it  ac(juites^  is  always  contrary  to  that 
©f  the  rubbed  body. 
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may  be  communicated  to  the  infide  of  the  glafs,  and  thus  bte 
confounded  with  that  which  belongs  to  thofe  fubftances  th^t 
are  under  examination  ;  four  pieces  of  tinfoil  ftiould  be 
pafted  on  the  infide  of  the  glafs ;  the  balls  fhould  not  be 
more  than  i-20th  of  an  inch  diameter,  fufpended  by  filver 
wire,  moving  freely  in  holes  nicely  rounded.  The  bottom 
of  the  eledlrometer  fhould  be  of  metal ;  for  this  renders  it 
more  eafy  to  deprive  them  of  any  acquired  eleftricity,  by 
touching  the  bottom  and  top  at  the  fame  time,  [b) 

In  order  to  coUeft  a  great  quantity  of  eleftricity  frOm  th« 
airj  the  ele£lrometer  is  furnilhed  with  a  pointed  wife,  i^ 
inches,  or  two  feet  long,  which  unfcrews  in  three  or  four 
pieces,  to  render  the  inftrument  more  portable  ;  fee  fig.  4. 
When  it  rains  or  fnows,  the  fmall  parapluie,  fig.  5,  is  to  be 
fcrewed  on  the  top  of  the  inftrument,  as  by  this  it's  infulation 
is  preferved,  notwithftanding  the  rain. 

This  inftrument  indicates  not  only  the  eleftricity  of  fog^, 
but  that  alfo  of  ferene  weather,  and  enables  us  to  difv.  over 
the  kind  of  eleftricity  which  reigns  in  the  atraofphere  ;  and 
to  a  certain  degree,  to  form  an  eftimate  of  it's  quantity, 
and  that  under  two  different  points  of  view,  the  degree  of 
intenfity,  and  the  diftance  from  the  earth  at  which  it  firft; 
begins  to  be  fenfible. 

A  conduftor  (c)  exhibits  figns  of  eleftricity,  only  when 
the  eleftric  fluid  is  more  or  lefs  condenfed  in  the  air,  than 
in  the  earth.  Though  the  air  refifts  the  paffage  of  the  elec- 
tric fluid,  it  is  not  abfolutely  impermeable  to  it ;  it  fuffers 
it  to  pafs  gradually,  and  generally  with  more  eafe  in  pro- 
portion as  it's  mafs  or  thicknefs  is  lefs.     It  is  therefore  in- 

terefting 


(b)  Voyage  dans  les  Alpes  par  H.  B.  De  SauiTure, 
Tom.  fecond, 

{S)  A  conduftof  raifed  for  the  purpofc  of  making  at- 
mofpherical  experiments  is  meant  here. 
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terefting  to  difcover  at  what  height  it  is  neceflaiy  to  be 
elevated,  in  order  to  find  a  fenfible  difference  between 
the  eleftricity  of  the  earth,  and  that  of  the  air.  A  very 
fenfible  difference  may  be  generally  difcovered  by  this  in- 
ftrument,  at  the  diftance  of  four  or  five  feet  from  the 
ground ;  fometimes  it  may  be  feen  if  the  inftrument  is 
placed  even  on  the  greund,  while  at  others,  it  muff  be 
raifed  feven  or  more  feet  before  the  balls  will  open ;  fome- 
times, though  feldom,  this  height  is  not  fufficient.  This 
diftance  is  generally  greateft  when  the  eleftricity  is  flrong- 
eft,  though  neceffarily  modified  by  a  variety  of  circum- 
ftances,  feme  of  which  are  known,  as  the  degree  of  dry- 
nefs  or  humidity  of  the  air,  and  others  are  unknown. 

The  degree  of  intenfity,  at  a  given  height,  may  be  difco- 
vered thus ;  raife  the  eleftrometer,  and  judge  by  the  divi- 
fions  which  are  placed  on  the  edge  thereof,  the  degree  of 
their  divergence.  To  find  the  relation  between  this  degree 
of  divergence,  and  the  force  of  the  eleftricity,  M.  De 
*Sauffure  took  the  following  method,  as  he  could  not  with 
certainty  double  or  triple  a  given  quantity  of  ele£lricity ; 
yet,  as  a  given  force  may  be  reduced  one  half,  a  fourth,  or 
eighth,  &c.  by  dividing  it  between  two  equal  and  fimilar 
bodies,  the  ele6lricity  contained  in  one  ;  he  took  two  of  his 
unarmed  eleftrometers,  which  wefre  as  fimilar  as  poffible^ 
and  eleftrified  one  of  them,  fo  that  the  balls  feparated  pre- 
cifely  6  lines  ;  he  then  touched  the  top  thereof  by  the  top 
of  that  which  was  not  eleftrified ;  in  an  inftant  the  eleftri- 
city  was  equally  divided  between  them,  as  was  evident  by 
the  divergence  of  the  balls,  which  was  4  lines  in  each ; 
confequently,  a  diminution  of  half  the  dcnfity  had  only 
leffened  the  divergence  one  third.  One  of  thefe  eleftro- 
meters  was  then  deprived  of  it's  eleftricity,  and  was  after- 
wards brought  in  contaft  with  the  other,  as  before  5  the  re- 
4  mailing 
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maining  eleftricity  divided  itfelf  again  between  them,  and 
the  balls  fell  from  4  to  28  lines,  nearly  in  the  fame  propor- 
tion as  before;  in  the  third  operation  they  fell  to  19;  in 
the  fourth  to  one,  where  he  was  obliged  to  flop,  as  there 
was  not  now  fufficient  force  in  the  fluid  to  pafs  from  one 
eleftrometer  to  the  other,  and  diflribute  itfelf  uniformly 
between  them.  The  fame  experiment  repeated  feveral 
times,  gave  very  nearly  the  fame  refults.  Negative  elec- 
tricity decreafed  alfo  in  the  fame  proportion  as  the  pofitive. 
The  following  table  may  therefore  be  confidered  as  giving 
a  general,  though  not  exaft  idea  [un  apergu)  of  the  increafe  in 
force,  which  correfponds  to  different  degrees  of  divergence 
in  the  balls ;  it  is  only  calculated  to  every  fourth  of  a  line  ; 
the  force  of  eleftricity  is  always  exprefled  by  whole  num- 
bers, as  it  would  be  ridiculous  to  put  a  greater  degree  of 
cxaftnefs  in  the  numbers,  than  is  to  be  found  in  the  ex- 
periments which  form  the  bafis  of  the  calculation,  (^d) 


Oi fiance  of  the  balls 
jn  fourths  of  a  line. 

Correfponding  forces 
of  ele6lricity. 

2 

2 

3 

3 

4 

4 

5 

5 

6 

Diflance 


(d)  Mr.  De  Sauffure,  in  a  long  note,  anticipates  the  ob- 
jcftions  that  may  be  made  to  the  foregoing  method  of  efti- 
mating  the  force  of  eleftricity ;  but  as  at  the  moll  they  only 
fhew  that  this  fclence  is  at  prefent  in  a  flate  of  confiderable 
imperfeftlonj  it  will  be  unneceffary  to  take  notice  of  then> 
here.  •■■■.-'        .   •      - 
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Diftance  of  the  balls  Correfponding  forces 

in  fourths  of  a  line.  of  eleftricity. 

7  ~  8 


B 


— - — -  lO 

10  —  — -  1/^ 

11  -»_^  17 

12  — —  '  20 

13  "—  ^3 

14  - — —  •  26, 

15  ~  29 


17 .  ^6. 

18  40 

19  44- 

20  — —  48 

21 ■ 525 

22  •        —  c|6 

23  •% ■  60 

24  — —        — —  64 

Thofe  who  are  delirous  to  carry  this  meafure  of  the  eleftric 
force  further,  may  do  it  by  having  fimilar  eleftrometers  con- 
ftrufted,  but  made  upon  a  larger  fcale,  and  with  heavier 
balls,  which  would  only  feparate  one  line,  with  the  degree 
of  eledricity  that  makes  the  fmaller  ones  diverge  6  lines; 
thefe  would  confequently  meafure  a  force  1024  times  greater 
than  that  which  forms  the  unity  of  the  preceding  table,  and 
thus  by  degrees  we  may  be  enabled  to  difcover  the  ratio  of 
the  llrongefl  difcharge  of  a  great  Jjattery,  or  perhaps  even  of 
thunder  itfelf,  to  that  of  a  piece  of  amber,  which  only  attrafts 
a  bit  of  ftraw.  (e) 

Of 


(e)  The  conllderation  of  the  repulfive  force  is  not  fuffici- 
ent  to  difcover  theabfolute  force  of  an  explofion,  orelearica! 

difcharge^ 
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Of  the  manner  of  obferving  the  eledlricity  of 
the  atmofp'iere  with  the  eledlrometer. 

The  firfl  thing  is  to  bring  the  eleftric  fluid  contained  in 
the  eleftrometer,  to  the  fame  degree  of  denfity  with  that  at 
the  furface  of  the  earth  ;  this  is  eafily  done  by  letting  the 
botlorii  and  top  touch  the  ground  at  the  fame  time ;  fee  fig.  6 ; 

then 

difcharge.  For  Mr.  Volta  has  fhewn,  that  the  force  of  a 
difcharge  depends  principally  on  the  quantity  of  the  eleSlric 
fluid  which  paffes  from  one  body  to  another.  Now  the  re- 
pulfive  force  of  the  eleftrometer  only  indicates  the  ratio  of 
this  quantity,  in  equal  and  fimilar  bodies,  and  which  arealfo 
fimilariy  fituated.  If  equal  quantities  of  the  ele£lric  fluid 
were  imparted  to  two  unequal  and  feparate  conduftors,  the 
eleftric  fluid  being  lefs  condenfcd  on  the  largeftj  would 
aft  with  the  leafh  force  on  the  eleftrometer  ',  though  it  is 
probable,  the  force  of  the  difcharge  in  the  two  condufiors 
would  be  equal.  Tlie  repulfive  force  ferves,  however,  to 
fhew  what  Mr.  \'^olta  calls  the  eUHrical  capacity  of  a  body, 
the  quantity  of  the  eleftric  fluid  it  aflually  contains,  or  is 
capable  of  containing.  To  effeft  this,  and  have  points  of 
comparifon,  we  fhould  ufe  light  metallic  balls,  of  dilFerent 
iizes,  fufpended  by  filk  thread.  One  of  thefe  balls,  unele6lri- 
fied,  being  brought  into  contaft  with  the  fubftance  whofe 
ele6lricity  is  to  be  explored,  will  diminifh  the  tenfion,  or 
repulhve  force  of  this  fubftance  ;  and  the  qtiantity  diminifh- 
ed  by  the  contaft  of  the  ball,  will  give  the  ratio  of  the 
capacity  of  this  fubftance  with  that  of  the  ball.  Let  us 
fuppofe  a  Leyden  phial  uninfulated,  but  fo  concealed,  that 
only  the  knob  is  vifible,  and  we  are  therefore  ignorant  of 
It's  fize,  and  the  flrength  of  the  fhock  it  will  give.  Let  the 
V  '         f  top 
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then  ralfe  the  point,  keeping  the  bottom  ftill  in  conta^ 
with  the  ground,  from  whence  it  may  be  lifted  up  in  a 
vertical  polition,   till  the  balls  are  level  with  the  eye. 

The  fecond  circumftance  is  to  render  the  divergence 
of  the  balls,  which  is  occafioned  by  the  eledricity  of  the 
air,  permanent.  This  is  effefted  by  touching  the  top  of  the 
cieftrometer  with  the  finger  ;  but  here  the  acquired  elec-»- 
tricity  becomes  contrary  to  that  of  the  body,  by  which  they 
are  eleftrihed.  Let  us  fuppofe,  for  example,  that  the  elec- 
trometer is  at  five  feet  from  the  ground,  and  the  balls  di- 
verging ;  touch  the  top  of  the  eleftrometer  with  the  finger, 
and  the  bdUs  will  clofe;  but  they  will  again  open,  if  the 
ele6lrometer  is  withdrawn  from  the  influence  of  the  elec- 
tricity of  the  air,  by  being  brought  nearer  the  ground,  or 
into  the  houfe.  Mr.  De  Sauffure  only  employed  this  me- 
thod, when  the  eleftricity  was  fo  weak,  that  he  could  not 
perceive  any  until  the  eleftrometer  was  raifed  coniider- 
ably  above  his  eye  ;  as  in  this  cafe,  he  could  not  perceive 
the  divergence  of  the  balls,  he  always  endeavoured  to  ob- 
tain a  permanent  eleftricity  in  the  foregoing  manner. 

To 

top  of  M.  De  Sauffure's  elctlrometer  be  in  contaft  with 
the  knob  of  the  bottle,  and  the  balls  of  the  ele6trometei* 
feparate  6  Knes, — from  this  folltary  fa£l,  we  fhall  gain  no 
information  relative  to  the  force  of  the  fhock  ;  becaufe,  if 
the  jar  is  very  large,  this  degree  of  tenfion  will  give  a  very 
painful  fenfation  >  when,  if  it  is  veiy  fmall,  with  the  fame 
indicated  tenfion,  the  fenfation  may  be  almoft  imperceptible. 
But  if  I  bring  a  ball,  of  a  foot  diameter,  in  contaft  with  the 
knob  of  the  bottle,  and  after  having  thus  taken  a  part  of  the. 
fluid  therefrom,  the  eleftrometer  is  again  put  in  contaft  with 
the  knob  thereof,  the  remaining  quantity  of  repulfive  force 
will  fliew  the  relation  between  it's  contents  and  that  of  the 
globe  of  metal,  and  by  this  means  the  intenfity  of  it's  charge. 
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To  know  whether  the  balls  feparate  with  pofitive  or  ne- 
gative eleftricity,  bring  a  piece  of  excited  wax  gradually 
near  the  top  of  the  eleftrometer  ;  if  the  balls  feparate  fur- 
ther on  the  approach  of  the  wax,  they  are  negatively  elec- 
trified, or  of  the  fame  nature  with  the  eleftricity  of  the 
wax  ;  if  on  the  other  hand  they  come  nearer  together,  on 
the  approach  of  the  wax,  then  the  eleftricity  is  rjofitive, 
or  in  a  contrary  ftate  to  that  of  the  wax.  If  glafs  is  ufed, 
the  refults  will  be  exaftly  the  reverfe  of  the  preceding. 

The  following  example  will  render  the  ufe  of  the  fore- 
going  obfervations  more  familiar.     Choofe  an  open  fitua- 
tion,   free  from  trees  and  houfes,  fcrew  the  conductor  on 
the  top   of  the  cleftrometer,   lay  hold   of    it  by   it's  bafe, 
and  place  it  fo  that  the  bafe  and  conductor  may  touch  the 
ground   at   the   fame  time,  then  elevate  it    to  the  height  of 
the  eye,  and  obfei /e  the  quantity  of  lines,   or  fourths  of  a 
line,  that  the  balls  have  diverged  ;  now  lower  it  till  the  balls 
almofl  touch  each  other,   and  obferve  at  what  diflance  the 
top  of  the  conductor  is  from  the  ground  ;    and  this  is  the 
height  from  the  ground,  at  which  the  eleftricity  of  the  air 
begins  to  be  feniible.     If  the  eleftricity  of  the  air   is  iufH- 
ciently  fhrong  to  make  the  balls  diverge  when  it  ftands  upon 
the  ground,  one  of  the  lengths  of  the  electrometer  muft  be 
unfcrewed  from  it.     If  the  balls  however  fti  11  diverge,   the 
other  parts  of  the  conductor  fhould  alfo  be  unfcrewed,    and 
you  may  mark  down,    that  the  eleftricity  is  fenfible  at  zero, 
or  on  the  furface  of  the  earth.     If,  on  the  contrary,  the  elec- 
tricity  is   fo   weak,  as    not  to  caufe   the  balls^to  diverge, 
when   they  are  even  with  the  eye,   and  confequently  when 
the  conduftor  is  two  feet  higher,   or  7  feet  from  lie  ground, 
you  fhould   then  raife  it  a  foot  higher  ;    v/hile  it  is  thus  ele- 
vated, touch  the  top  with  the  other  hand  ;  when  this  hand 
is  taken  away,  lower  the  eleftro meter,   and  if  it  is  elefilri- 

f  ?  ^cd, 
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fied,  you  may  fay  the  eleftricity  is  fenfible  at  8  feet;  if  it 
is  not,  raife  it  as  high  as  the  arm  can  reach,  and  repeat  the 
fame  operation ;  if  any  electricity  is  found,  write  down 
eleftricity  fenfible  at  9  feet ;  if  not,  mark  o,  or  no  eieclricity 
jelative  to  this  inftrument,  and  this  mode  &i  employing 
it ;  for  figns  of  electricity  may  ftill  be  obtained,  by  throw- 
ing a  metallic  ball  50  or  60  feet  into  the  air,  which  is  at 
the  fame  time  conneCled  with  the  eleCirometer  by  a  metallic 
thread, 

One  advantage  of  this  inflrument  is,  that  it  will  often 
exhibit  figns  of  ele6lricity,  when  none  can  be  obtained  from 
a  condu6lor  of  a  hundred  feet  in  height,  becaufe  it  can 
more  eafily  be  preferved  from  humidity,  &c.  which  de- 
ftroy  the  infulation  of  the  large  conduftors. 

Aerial  electricity  varies  according  to  the  htuation  ;  it  is 
generally  ftrongeft  in  elevated  and  infuh.^ed  fituations,  not 
to  be  oblerved  under  trees,  in  (Ireets,  in  houfes,  or  any  in- 
clofed  places  ;  though  it  is  fometimes  to  be  found  pretty 
flrong  on  quays  and  bridges.  It  is  aHo  not  fo  much  the 
abfolute  height  of  the  places,  as  their  fituation  ;  thus  a  pro- 
jecting angle  of  a  high  IJll  will  often  exhibit  a  ftronger 
eleClricity  than  the  plain  at  the  top  of  the  hill,  as  there 
are  fewer  points  in  the  former  to  deprive  the  air  of  it's 
eleftrlcity. 

Theintenfity  of  the  atmofpheric  eleftricitv  is  varied  by 
a  great  many  circumftances,  fome  of  which  may  be  ac- 
counted for,  others  cannot.*  When  the  weather  is  not  ferene, 
it  is  impoiTible  to  affign  any  rule  for  their  variation,  as  no  re- 
gular correfpondence  can  then  be  perceived  with  the  dif- 
ferent hours  of  the  day,  lior  with  the  various  modifications 
of  the  air.  The  reafon  is  evident  \  when  contrary  and 
variable  winds  reign  at  different  heights,  when  clouds  are 
.rolling over  clouds,  thefe  winds  and  clouds,  which  we  can- 
net  perceive  by   any  exterior  fign,   influence  however  the 

flrata 
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ftrata  of  air  in  which  we  make  our  experiments,  produce 
thele  changes  of  which  we  only  fee  the  refult,  without  be- 
ing able  to  affign  either  the  caufe,  or  it's  relation.  Thus,  in 
flormy  weather,  we  fee  the  eleftricity  flrong,  then  null, 
and  in  a  moment  after  arife  to  it's  former  force  ;  one  inflant 
pofitive,  the  next  negative,  without  being  able  to  afTign 
anyreafonfpr  thefe  changes.  Mr.  De  Sauffure  fays,  that 
he  has  feen  thefe  changes  fucceed  with  fuch  rapidity,  that 
he  had  not  time  to  note  them  down. 

When  rain  falls  without  a  florm,  thefe  changes  are  not 
fo  fudden ;  they  are  however  very  irregular,  particularly 
with  refped  to  the  intenfity  of  force  ;  the  quality  thereof 
is  more  conffant.  Rain,  or  fnow,  almoft  uniformly  gives 
pofitive  eleftricity. 

In  cloudy  weather,  without  rain  or  florms,  the  eleftricity 
follows  generally  the  fame  laws  as  in  ferene  weather. 

Strong  winds  generally  diminifh  it's  intenfity,  they  mix 
together  the  different  flrata  of  the  atmofphere,  and  make 
them  pafs  fucceffively  towards  the  ground,  and  thus  diftri- 
butethe  eleftricity  uniformly  between  the  earth  and  the  air; 
Mr.  De  Sauffure  has  obferved  a  flrong  eleftricity  with  a 
ftrong  north  wind  [la  hife]. 

The  Rate  of  the  air,  in  which  the  eleftricity  is  H-rongefi:, 
is  foggy  weather  ;  this  is  always  accoinpanied  with  eleftri- 
city,   except  when  the  fog  is  going  to  refolve  into  rain. 

The  mofh  interefting  obfervations,  and  thofe  which  throw 
the  greateil  light  upon  the  various  modifications  of  elec- 
tricity in  our  atmofphere,  are  thofe  that  are  made  in  ferene 
weather.  In  winter,  (during  which  moft  of  Mr.  De  Sauf- 
fure's  obfervations  were  made)  and  in  ferene  weather,  the 
eleftricity  was  generally  weakeft  in  an  evening,  when  the 
dew  had  fallen,  until  the  moment  of  the  fun's  rifmg  ;  it's 
intenfi:y  afterwards  augmented  by  degrees,  fometimes  fooner, 
and  fometimes  later  ;  but  generally  before  noon,  it  at- 
tained 
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tained  a  certain  maximum,  from  whence  it  again  dcclincdj 
till  the  fall  of  the  dev/,  when  it  would  be  fometimes  ftronger 
than  it  had  been  during  the  whole  day;  after  which,  it  would 
again  gradually  diminifh  durJn,g  the  whole  night ;  but  is 
never  quite  deflroyed,  if  the  weather  is  perfeftly  ferene. 

Atmofpherical  electricity  feems,  therefore,  like  the  fea, 
to  be  fubje£t  to  a  flux  and  reflux,  which  caufes  it  to  increafe 
and  diminifh  twice  in  24  hours.  The  moments  of  it's  great- 
eft  force  are  fome  hours  after  the  riling  and  fetting  of  the 
fun  i  thole  when  it  is  weakeft,  precede  the  rifmg  and  fetting 
thereof.  This  will  be  further  explained  in  the  following 
pages. 

Mr.  DeSauilure  has  given  an  inflance  of  this  periodic  flux 
in  eleftricity,  on  the  22d  of  Februar}^,  1785,  (one  of  the 
coldefl  days  ever  remembered  at  Geneva  ;)  the  hygrometer 
and  thermometer  were  fufpended  in  the  open  air,  on  a  ter- 
race expofed  to  the  fouth-wcft  ;  the  eleftrometer,  from  it's 
fituation,  indicated  an  eleftricity  equal  to  what  it  would 
have  fhewn  if  it  had  been  placed  on  an  open  plain.  The 
height  of  the  barometer  is  reduced  to  v./hat  it  would  have 
been  if  the  mercury  had  been  conftantly  at  the  temperature 
of  1  o  degrees  of  Reaumur's  thermometer.  The  place  of  ob- 
fervation  Vv'as  elevated  60  feet  above  the  level  of  the  lake. 
The  obfervations  of  the  day  preceding  and  following  this 
great  cold,  are  inferted  in  the  following  table ;  becaufe  it  is 
pleafing  to  have  the  obfervations  which  precede  and  follow 
any  lingular  phaenomcna.  There  was  a  weak  S.  W.  wind 
during  the  whole  three  days ;  and  it  is  rather  remarkable, 
that  mod  of  the  great  colds,  which  have  been  obferved  at 
Geneva,  were  preceded  by,  or  at  leaff  accompanied  with, 
a  litde  S.  W!  breeze. 
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1  SUPPLExMENT. 

From  the  firft  18  obfervations  of  this  table,  when  the  fk/ 
was  quite  ferene,  we  fee  that  the  eleftricity  was  pretty  ftrong 
at  9  in  the  morning,  that  from  thence  it  gradually  din-iinifh= 
ed  till  towards  6  in  the  evening,  which  was  it^s  hi  ft  mini- 
mum ',  after  which  it  increafed  again  till  8,  it's  fecond  max-* 
iraum,  from  whence  it  again  gradually  declined  till  6  the 
next  morning,  which  was  the  time  of  it's  fecond  minimum ; 
after  which,  it  again  increafed  till  ten  in  the  morning,  which 
was  the  firft  maximum  of  the  following  day  ;  as  this  was 
cioudyj   the  eleftric  periods  were  not  fo  regular. 

The  eleftricity  of  ferene  weather  is  much  weaker  in  fum^*. 
mer  than  in  winter,  which  renders  it  more  difficult  to  obferve 
thefe  gradations  in  fummer  than  in  winter  ;  befides  a  variety 
of  accidental  caufes,  which  at  the  fame  time  render  them 
more  uncertain.  In  general,  in  fummer,  if  the  ground  has 
been  dry  for  fome  days,  and  the  air  is  dry  alfo,  the 
eleftricity  generally  increafes,  from  the  riling  of  the  fun  till 
3  or  4  in  the  afternoon,  when  it  is  ftrongeft;  it  then  di- 
minifhestiil  the  dew  begins  to  fall,  which  again  reanimates 
it ;  though  after  this  it  declines,  and  is  almoft  extinguifhed 
during  the  night. 

But  the  ferene  days  thatfucceed  rainy  weather  in  fummer, 
generally  exhibit  the  fame  diurnal  periods  or  ftates  of  elec- 
tricity, as  are  to  be  obferved  in  winter. 

The  air  is  invariably  pofitive  in  ferene  weather,  both  in 
winter  and  fummer,  day  and  night,  in  the  fun  or  in  the 
dew.  It  would  feem,  therefore,  that  the  eleftricity  of  the 
air  is  effentially  politive,  and  that  whenever  it  appears  to  be 
negative,  in  certain  rains  or  in  florms,  it  probably  arifes 
from  fome  clouds,  which  have  been  expofed  to  the  preffure 
of  the  eleftric  fluid  contained  in  the  upper  part  of  the  atmo- 
fphere,  or  to  more  elevated  clouds,  that  have  difcharged  a 
piii't  of  their  fluid  upon  the  earth,  or  upon  other  clouds. 
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In  order  to  find  out  the  caufe  of  thefe  phsenomena,  Mr.  Dd 
Sauffure  inftituted  a  fet  of  experiments  on  evaporation, 
avoiding  the  ufe  of  Mr.  de  Volta's  condenfer. 

To  produce  a  ftrong  evaporation,  he  threw  a  mafs  of  red 
hot  iron  into  afmall  quantity  of  water,  which  was  contained 
in  a  cofFee  pot,  with  a  large  mouth,  and  fufpended  by  filk 
firings ;  by  this  he  obtained  a  ftrong  pofitive  eleftricity, 
though,  according  to  Mr.  Volta's  fyflem,  it  ought  to  have 
been  negative  ;  the  experiment  was  repeated  feveral  times, 
varying  fome  of  the  circumftanceSj  but  the  refult  was  always 
the  fame* 

As  it  was  not  eafy  to  think  fo  able  a  phiiofopher  as  Mr, 
Volta  was  deceived,  it  was  necelTary  to  try  the  experiment 
in  a  manner  more  analagous  to  that  of  Mr.  Volta.  A  fmall 
chafing-difh  was  therefore  infulated  by  filk  cords,  and  the 
coffee-pot,  with  a  fmall  quantity  of  water,  placed  on  it ;  one 
eleftrometer  was  connefted  with  the  coffee-pot,  and  another 
with  the  chafing-dilh  ;  the  fire  was  raifed  by  a  pair  of  bel- 
lows', when  the  water  had  boiled  flrongly  for  a  few  minutes, 
both  eleflrometers  exhibited  figns  of  eleftricity,  which,  on 
examination,  was  found  to  be  negative  ;  proving  the  truth  of 
Mr.  Volta's  experiment.  The  evaporation  produced  by  the 
effervefcence  of  iron  in  the  vitriolic  acid,  and  by  that  of 
chalk  in  the  fame  acid,  gave  alfo  negative  elefiricity. 

It  was  now  neceffary  to  inquire,  why  the  vapour,  excited 
by  the  heated  iron,  produced  pofitive  eleftricity  ;  while  that 
from  boiling  water,  in  any  other  way,  produced  a  negative 
eleftricity. 

Mr.  De  Sauffure  fufpeflied,  that  the  intenflty  of  heat  to 
which  the  water  is  expofed,  by  the  contaE  of  a  body  in  a 
ftate  of  incandefcence,  was  the  caufe  of  the  ele£lricity  pro- 
duced by  it's  evaporation,  and  that  a  combination  was  then 
formed,  by  which  a  new  quantity  of  the  eledric  fluid  was 
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produced.  This  conjefture  may  at  firfl  fight  feem  improbable; 
but  the  quantity  of  eleftricity  produced  by  this  experiment, 
will  aftonifh  thofe  that  repeat  it ;  and  this  quantity  is  the 
more  furprizing,  becaufe,  if  it  is  true,  according  to  the 
fyftem  of  Mr.  Volta,  that  the  vapours  abforb,  while  they  are 
forming,  a  quantity  of  the  eleftric  fluid,  there  muft,  there- 
fore, be  enough  developed  in  this  experiment,  for  the  for- 
mation of  the  great  quantity  of  vapours  produced  by  the 
heated  iron,  and  afterwards  a  fufEcient  quantity  to  eleftrify 
ftiongly  the  apparatus,  and  all  thefe  vapours. 

This  experiment  fhews  clearly  the  caufeof  that  prodigious 
quantity  of  eleftricity,  which  is  unfolded  in  the  eruption  of 
volcanos ;  as  it  is  probable,  that  the  water  in  thefe,  from 
many  circumflances,  acquires  a  much  greater  degree  of  heat 
than  is  given  to  it  in  our  experiments. 

To  verify  this  conjefture,  that  it  was  in  fome  meafure  the 
combuftion  of  the  water,  or  the  iron,  that  produced  the  pofi- 
tiye  eleftricity,  it  was  proper  to  try  whether,  by  a  regular 
moderation  of  the  heat  of  the  iron,  pofitive  eleftricity  would 
always  be  obtained.  This  was  effayed  in  the  following 
manner  :  A  larg^  iron  crucible,  5  inches  high,  4  in  diameter, 
and  6  lines  thick,  was  heated  red  hot,  then  infulated  ;  after 
which,  fmall  quantities  of  water  were  thrown  into  it,  each 
projeftion  of  the  water  cooling  more  and  more  the  crucible ; 
thus  defcending  by  degrees,  till  there  was  only  fufEcient 
heat  to  boil  the  water;  carefully  obferving,  and  then  de- 
flroyingthe  eleftricity  produced  at  eachprojeftion.  The  elec- 
tricity was  always  pofitive  or  rftall ;  at  the  firft  projeftions 
it  was  very  ftrong  ;  it  gradually  diminifhed  to  the  twelfthj 
whe-i  it  was  fcarce  fenfible,  though  always  with  a  tendency 
to  Ve  pofitive. 

On  repeating  this  experiment,  and  varying  it  in  different 

ways,  a  remarkable  circum fiance  was  obCsrved ;  When  a 
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finall  quantity  of  water  was  thrown  into  the  crucible,  the 
moment  it  was  taken  from  the  fire,  while  it  was  of  a  pale 
red,  approaching  what  is  called  the  white  heat,  no  electri- 
city was  obtained. 

This  faft  feemed  to  have  fome  connexion  with  another 
mentioned  by  Muffchembrock,  that  water  evaporates  more 
flowly  on  a  metal,  or  any  other  incandefcent  body,  than  on 
the  fame  body,  heated  only  a  fmall  degree  above  boiling 
water.  To  examine  this  relation,  and  to  find  whether  there 
was  any  between  the  periods  of  evaporation,  and  the  produc- 
tion of  ele£lricity,  Mr.  De  Sauflure  made  a  great  number 
of  experiments,  which  are  moft  accurately  defcribed  in  his 
excellent  work  ;  but  as  the  detail  would  be  much  too  long  to 
be  introduced  in  this  Supplement,  I  muft  content  myfelf 
with  prefenting  the  reader  wuth  the  heads  thereof,  and  a 
defcription  of  the  apparatus. 

The  apparatus  confifted  of  a  pot  of  clay,  well  baked  or 
annealed,  15  lines  thick,  and  4  inches  diameter ;  this  was 
infulated  by  a  dry  glafs  goblet ;  upon  this  pot  was  placed 
the  crucible,  or  any  other  heated  fubftance,  on  which  the 
water  was  to  be  thrown,  in  order  to  be  reduced  into  va*- 
paurs ;  the  crucible  was  contiguous  to  a  wire  connefted 
with  an  ele6lrometer  ;  a  meafure,  containing  54  grains 
weight  of  difiilled  water,  was  thrown  upon  the  heated  cru- 
cible ;  the  time  employed  in  the  evaporation  thereof  was 
obferved  by  a  fecond  watch  ;  the  eleftricity  produced  by 
this  evaporation  was  noted.  |^hen  this  meafure  of  water 
was  reduced  into  vapour,  the  ele£lricity  of  the  apparatus  is 
deftroyed,  and  a  frefh  meafure  of  water  is  thrown  into  the 
crucible,  proceeding  in  the  fame  manner  till  the  crucible  is 
almoft  cold. 

The  firft  experiment  was  with  an  iron  crucible,  from 
which  it  was  found,  that  Muffchembrock  was  not  right,  in 
frying  that  the  evaporation  was  fioweft  when  the  iron  was 
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hotteft  )  for  at  the  inftant  it  was  taken  from  the  fire,  it  re- 
q^jircd  19  feconds  to  evaporate  the  water,  and  took  more 
time  till  the  third  projefclion,  when  it  took  35  feconds, 
though  from  that  period  it  employed  lefs  time,  or  in  other 
words,    the  evaporation   accelerated   in  proportion  as  the 

iron  cooled. 

With  refpea  to  the  ekaricity,  it  was  at  f  ift  c,  then  po- 
fitive,  afterwards  negative,  then  o,  and  afterwards  pofitive 
to  the  end  of  thj^  experiment.  The  vapour  was  not  vifible 
till  the  7th  projeaion, 

Inthefecond  experiment  with  the  fame  crucible,  though 
every  endeavour  was  made  ufe  of  to  render  them,  as  fimilar 
as  poffible,    the  ekaricity  was  conflantly  pofitive. 

The  third  experim.ent  was  with  a  copper  crucible ;  here  alfo 
the  ekaricity  was  pofitive,  and  the  longeft  time  employed  in 
evaporation  was  not  the  inftant  of  the  greateft  heat.  It  was 
very  curious  to  fee  the  water  endeavouring  to  gather  itfelf 
into  a  globule,  like  mercury  on  glafs,  to  be  fometimes  im- 
moveable, and  then  to  turn  on  itklf  horizontally,  with 
great  rapidity;  fometimes  throwing  from  fome  of  it's 
points  a  Httle  jet,  accompanied  with  an  hiding  noile. 

The  fourth  experiment  v/as  with  the  fame  crucible;  the 
ekaricity  was  at  firfl  negative,    then  conflantly  pofitive. 

The  fifth  was  with  acrucibk  of  pure  filver;  aconfiderable 
time  was  employed  here  in  evaporating  the  fame  quantity 
of  water  ;  even  in  the  inftant  of  the  grcalefl  heat  it  took  5 
minutes,  6  feconds;  the  ek^Jriciiy  was  weak,  three  times 
no  elearicity  was  perceived j  five  tiqies  negative  ekaricity 
was  difcovered. 

In  a  fixth  experiment  with  the  fame  crucible,   a  pofitive 
ekaricity  was  obtained,    at   the   fecond   projeaion,    after 
which  none  of  any  kind  was  perceived. 
The  feventh  v/ith  the  fame,  gave  atfirfi;  a  flrong  negative 

ekaricity. 
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cleftricity,   the  fecoud  and  third  projeaion  gave  a  weak 
pofitive  ele6h-jcity. 

The  eighth  was  made  with  a  porcelain  cup ;  here  the  eva- 
poration was  flower  at  the  fecond,  than  the  firft  projedion ; 
but  froii.  this  it  took  longer  time  till  it  was  cold,  contrary    . 
to  what  happened  with  the  metals  ;  the  eledricity  was  4- 
ways  negative. 

The  ninth  and  tenth  experiments  with  the  fame  cup, 
produced  limilar  effeds. 

The  eleventh  experiment  was  with  fpirits  of  wine  in  a 
iilver  crucible  •,  here  there  was  no  ele£lricity  produced  at 
the  two  firft  projedions,  and  what  was  afterwards  obtained 
was  negative. 

Twelfth  experiment  with  ether;  here  the  eleftricity  was 
alfo  negative.  Thefe  two  inflammable  fluids,  in  evaporating, 
followed  the  fame  laws  as  water,  being  diffipated  at  firft 
moft  rapidly  in  the  greateft  heat,  afterwards  taking  a  longer 
and  longer  time  before  they  were  evaporated,  to  a  Certain 
period,  then  employing  lefs  time,  or  evaporating  quicker, 
till  the  crucible  was  nearly  cold. 

Now  as  china  and  filver  always  produced  negative  elec- 
tricity, while  iron  and  copper  have  generally  given  pofitive 
electricity,  we  may  conclude,  that  ele6lricity  is  pofitive 
with  thofe  bodies  that  are  capable  of  decompofing  water, 
or  of  being  decompofed  themfelves  by  their  contaft  with  the 
water ;  and  negativ^e  with  thole  which  are  not  at  all  de- 
compofed or  altered. 

From  hence  Mr.  De  Sauffure  conjeftures,  that  the  elec- 
tric'fluid  may  be  looked  upon,  as  formed  by  the  union  of 
fire  with  fome  unknown  principle,  perhaps  a  fluid  ana- 
logous to  inflammable  air,  but  exceedingly  more  fubtil. 
This  analogy  feems  to  him  fufficiently  proved  by  the  inflam- 
mation of  the  eleftric  fluid,  and  by  the  diminution  of  the 
air  in  which  this  inflammation  is  made.     Though  many 

doubts 
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doubts  have  been  attempted  to  be  thrown  on  this  inflmma- 
tion,  there  feems  to  be  one  reafon  which  forces  us  to  ad- 
mit it,  which  is  tlie  lofs  of  a  quantity  of  this  fluid  at 
every  fpark  ;  we  may  diminifli  at  pleafure  any  quantity  of 
this  fluid,  (en  le  Jaifant  et  incder)  by  taking  a  number  of 
fparks  from  it.  From  whence  alfo  it  may  be  inferred,  that 
a  confiderable  quantity  is  defl;royed  every  day  by  thunder. 

According  to  this  fyfl:em,  when  the  operation,  which 
converts  water  into  vapour,  produces  at  the  fame  time  a 
'decompofition,  it  then  generates  the  eleftric  fluid.  A  part 
of  this  fluid  combines  itfelf  immediately  with  thefe  vapours, 
and  ferves  even  to  form  them.  The  veflel,  in  which  this 
operation  is  performed,  will  acquire  a  pofitive  eleftrlcity, 
none  at  all,  or  a  negative ;  according  as  the  quantity  of 
the  fluid  generated  is  fuperior,  equal,  or  inferior  to  that 
which  the  formation  of  the  vapours  confumes.  When  no 
decompofition  accompanies  the  evaporation,  the  eleftricitv 
ought  to  be  confliantly  negative,  becaufe  there  is  nothing 
to  replace  the  quantity  of  this  fluid,  which  is  employed  in 
forming  the  vapour. 

If  in  the  foregoing  experiments,  thofe  fubfl:ances  which 
were  fufceptible  of  calcination  had  confl:antly  given  a  pofi- 
tive eleclricity,  and  thofe  which  do  not  calcine  had  always 
given  the  negative  ;  every  thing  would  have  been  explained 
by  thefe  principles,  and  they  would  thence  have  acquired 
a  greater  degree  of  probability.  But  the  phasnomena  have 
not  always  followed  this  law.  We  have  feen  iron  and 
copper  fometimes  give  a  negative  eleftricity,  and  fllver  the 
pofitive.  The  firfl  cafe  is  not  difficult  to  account  for  ;  it 
is  well  known  with  what  facility  iron  and  copper  calcine 
in  abrifkflre;  they  become  covered  with  a  fcaly  crufl:, 
which  is  not  fufceptible  of  any  further  alteration  with  tlie 
fame  heat.  If  the  bottom  of  the  crucible  acquires  this 
crufly  coating,  the  drop  of  water  placed  thereon  will  be  no 

longer 
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longer  in  contaft  with  a  calcinable  fub fiance  ;  there  will  be 
no  further  decompofition,  no  generation  of  the  eleftric  fluid : 
the  vapours,  however,   which  are  ftill  formed,  will  ablbrb 
a  part  of  the  fluid  naturally  contained  in  the  apparatus,   and 
this  will  therefore  be  eleftrified  negatively.     If  fome  of  the 
fcales  fhould  be  fo  far  detached,  that  the  water  may  gain 
fome  points  of  contaft,   the  quantity  thus  generated  may 
compenfate  for  what  is  abforbed  by  the  vapours,  and  thus 
the  eleftricity  will  be  null.     If  more  are  detached,  it  will 
fuper-abound  and  be  pofitive.    From  the  fame  reafons,  a 
lar<ye  mafs  of  water,  by  attacking  the  iron  in  a  greater  num- 
ber of  points,  always  gives  pofitive  eleftricity ;   and  hence, 
alfo,  a  flrong  pofitive  eleftricity  is  obtained,  by  throwing 
a  piece  of  red-hot  iron  into  a  mafs  of  water. 

It  is  not  fo  eafy  to  explain  why  filver  gives  fometimes  a 
pofitive  eleftricity,  but  by  fuppofing  it  to  have  been  mixed 
with  fome  fubftances,  capable  of  calcination  ;  and  this  the 
more,  as  the  white  porcelain  always  gave  negative  eleftri- 
city.  This  fuppofition  was  verified  by  foKie  fubfequent 
experiments,  in  which  the  fame  filver,  when  purified, 
always  gave  a  negative  ekftricity. 

Mr,  De  Sauflure  owns  himfelf  incapable  of  explaining 
why  heated  charcoal  always  gives  negative  eleftricity ;  un- 
lefs  it  can  be  attributed  to  the  promptitude  with  which  fo  rare 
a  fubft:ance  lofes  it's  heat,  by  the  contaft  of  water. 

One  fa6l  afl:onifhed  him,  namely,  that  by  combuftion 
properly  fo  called,  although  it  is  an  evaporation,  nay,  the 
highell  degree  of  evaporation,  he  never  obtained  any  figns 
of  eleftricity  ;  though  he  tried  to  obtain  it  in  a  variety  of 
ways.  Probably,  the  current  produced  by  the  flame,  dif- 
perfes  and  diflTipates  the  eleftricity  as  foon  as  it  is  fc^rmed. 
The  cafe,  however,  muft  not  be  looked  upon  as  general,  be- 
caufe  Mr.  Volta  obtained  fi.gns  of  eleftricity  from  bodies  in 
combuftion,  by  means  of  his  condenfer. 

Another 
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Another  fingular  faft  wasj  his  not  being  able  to  obtaiii 
ele£lricity  without  ebuUition,  though  he  endeavoured  td 
compenfate  by  the  quantity  of  furface  for  the  quantity  of  va- 
pours that  were  elevated  by  boiling  water ;  and  indeed,  the 
fame -quantity  of  water,  if  extended  over  too  large  a  furface, 
will  nQt  give  any  eleftiricity. 

Notwith Handing  the  uncertainty  thefe  experiments  throw 
upon  the  fyftem,  it  does  not  at  prefent  feem  poflible  to  find 
another  reafon,  which  fo  fatisfa£lorily  accounts  for  the  pofi- 
tive  eleftricity  which  reigns  in  the  air.  The  prodigious 
quantity  of  this  fluid,  which  continually  defcends  from  the 
upper  part  of  the  atmofphere,  filtrating  through  the  air  to 
penetrate  the  interior  parts  of  the  earth,  muft  neceffarily  be 
brought  back  again  by  fome  means  ;  for  otherwife,  the  air 
would  be^xhauded  of  it's  fluid,  or  the  earth  would  be  fatu- 
rated.  The  perpetual  circulation  of  this  fluid,  which  is 
carried  on  by  means  of  vapours,  is  a  ftriking  circumftance  ; 
it  rifesinvifible  and  inactive,  concealed  in  their  bofom,  but 
difplaying  afterwards  it's  energy.  When  the  vapours  have 
changed  their  form,  it  defcends  aftive,  animated  with  a 
penetrating  and  expanfive  force  ;  the  tops  of  trees,  the 
points  of  leaves,  the  beards  of  different  grains,  attraft  and 
force  it  to  pafs  tlirough  the  vegetables,  of  v/hich  it  becomes, 
(perhaps)  when  decompofed,  the  mofl:  aftive  and  favoury 
part.  This  alfo  may  be  one  of  the  reafons,  why  exercife 
in  the  open  air  is  much  more  conducive  to  health  than  that 
which  is  taken  in  covered  or  clofe  places  ;  for  it  feems  evi- 
dent, that  the  foft  and  gentle  eleftrization,  which  every  one 
mufl:  partake  of  in  the  open  air,  muft  have  an  influence 
upon  our  organs,  on  the  circulation  of  the  blood,  thefecre* 
tion  of  the  humours,   and  infenfible  tranfpiration. 

In  further  purfuing  this  fubjeft,  we  mufk  confider,  that 
vapour  fometimes  a6ls  as  the  producing  caufe  of  aerial 
cledricity  ;  at  other  times,  as  a  conduftor  of  this  fame  fluid  ; 
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and   fometimes,  both  together.     Towards  the  end  of  the 
night,   the  eleftricity  of  the  air  is  very  weak,    eiiher  becaufe 
there  is  no  evaporation,  or  becaufe  the  humidity  of  the  pre- 
ceding evening,  and  that  of  the. fore  part  of  the  night,   have 
tranfmitted  to  the  earth  the  electricity  that  was  accumulated 
in  the  air  :  but  as  foon  as  the  fun  warms  the  earth,   and  in 
proportion  as  he  rifes  above  the  horizon,  the   aerial  eleftri- 
city  augments ;  becaufe  the  vapours  which  then  rife,   carry 
this   fluid  into  the  air.     But  when  the  fun  has  attained  the 
meridian,  the  heat  increafes  in  a  greater  proportion  than  the 
evaporation,   the  air  becomes  dr)^,  and  hardly  tranfmits  the 
fluid  which  is  accumulated  in  the  upper  part  of  the  atmo- 
fphere;  the   eleftrometer,   therefore,   exhibits  lefs  figns  of 
eleftricity,  though  it  is  ftill  accumulating  in  the  upper  part 
of  the  atmofphere.     Laftly,  when  the  fun  is  near  fetting, 
the  air  grows  cool,   becomes  humid,    and  tranfmits  more 
abundantly  to  the  earth  the  eleftric  fluid  that  was  accumu- 
lated in  the  higher  regions  ;  the  eleftrometer,  therefore,  rifes 
a'^ain  with  the  dew,   till  two  or  three  hours   after  fun-fet, 
when  the  air  is  exhaufted,  and  the  electricity  again  diminifhes 
till  the  next  day. 

In  fummer,  the  ele£lricity  of  a  ferene  atmofphere  is  much 
weaker  than  in  winter,  and  that,  becaufe  the  air  is  then  warm 
and  dry,  to  a  greater  height,  and  therefore  refifts  more  pow- 
erfully the  tranfmifllon  of  this  fluid,  that  is  accumulated  in 
the  higher  regions  of  the  atmofphere.  This  uninterrupted 
accumulation  accounts  at  the  fame  time,  very  naturally,  for 
the  violence  and  frequency  of  florms  at  this  feafon.  But  the 
increafe  of  eleftricity,  from  the  heat  of  the  fun,  in  the  dry 
and  hot  days  of  fummer,  from  it's  rifmg,  till  four  or  five  in 
the  afternoon,  is  not  fo  eafily  accounted  for.  It  is  not  im^ 
probable,  that  the  dry  exhalations  from  the  earth,  which  are 
occafioned  by  the  heat,  may  produce  this  augmentation  of 
eledricity,  and  favour  the  defcent  thereof  from   the  upper 
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part  of  the  atmofphere.  It  appears,  however,  in  general, 
both  in  winter  and  fummer,  that  when  the  air  is,  perfeftly 
tranfparent,  the  aerial  eleftricity  always  diminifhes  in  the 
hotteft  part  of  the  day.  It  is  known,  that  the  air  is  gene- 
rally moft  tranfparent  and  difengaged  from  vapours,  in  the 
ferene  weather  that  follows  great  or  heavy  rains. — Mr,  De 
Sauflure  defires  that  this  fyftem  may  be  only  looked  upon  as 
fo  many  conjeftures,  propofed  with  a  view  to  animate  other 
philofophers  to  the  obfervation  of  thefe  phsenomena,  and 
the  inveftigation  of  their  caufe. 

The  author  refers  alfo  to  his  "  Effais  fur  V  Hygromctrie  " 
for  the  proofs,  That  the  eleftric  fluid  is  only  neceffaryto  form 
or  fufpend  the  grofs  veficular  vapours.  Thofe  which  are 
diflblved,  or  are  elaflic,  fupport  themfelves  by  the  expanfive 
force,  which  they  acquire  from  the  element  of  fire  combined 
"with  them,  without  the  afliftance  of  any  other  agent.  And 
thefe  grofs  vapours,  which  require  the  eleftric  fluid  for  their 
formation,  part  with  it,  if  they  are  refolved  into  water,  or 
into  an  elaftic  fluid.  Thus  the  grofs  vapours  that  are  form- 
ed in  the  morning  of  a  fine  day,  and  which  difturb  a  little 
the  tranfparency  of  the  inferior  ftrataofair,  carry  this  fluid 
with  them,  but  part  with  it  when  they  come  into  a  more 
pure  and  dry  air,  where  they  are  diflblved,  taking  the  form 
_of  an  elaftic  fluid. 

This  explains  the  diminution  of  the  aerial  eleflricity, 
when  clouds  are  forming  in  an  atmofphere  that  was  ferene  ; 
for  the  eleftric  fluid,  which  was  diffeminated  in  the  air, 
combines  with  the  vapours  when  they  take  the  veficular 
form ;  the  ftrata,  or  fliriated  appearance  that  is  then  feen 
among  the  clouds,  which  is  one  of  the  moft  fure  indica- 
tions of  rain,  feem  to.  announce  the  prefence  of  the  eleftric 
fluid,  endeavouring  to  reftore  an  equilibrium,  and  re-place 
that  which  has  been  employed  in  the  formation  of  theveficles, 
of  which  the  clouds  confift.     Many  experiments  fhew,  that 
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tKIs  fluid,  condenfed  by  art,  difpofes  in  parallel  and  conver- 
ging lines,  like  the  clouds,  thofe  particles  of  du ft  through 
which  it  is  made  to  pafs  ;  while  on  the  other  hand,  the  in- 
creafe  of  aerial  eleftricity,  which  is  obferved  when  the  air 
IS  getting  clear  and  ferene  after  rain,  arifes  from  this  fluid, 
which  the  veficular  vapours  part  with  when  diflblved  in 
air. 

Many  other  curious  obfervations  are  to  be  found  in  Mr* 
De  SauiTure's  work,  which  are  too  long  to  be  inferted  here. 
My  intention  is,  at  a  future  period,  to  give  a  fecond 
volume  of  Effays  on  Eledricity  ;  in  which  I  fhall  endeavour 
to  digeft  all  the  obfervations  and  experiments  which  have 
been  made  fince  the  publication  of  the  firft  edition  of  this 
work. 


Fig.  3,  of  the  plate  at  the  end  of  this  Supplement,  repre- 
fents  an  improvement  of  the  atmofpherical  eleftrometer,  by 
Mr.  Abraham  Bennett,  of  Wirkfworth,  Derbyfhire ;  it  was 
tranfmitted  to  mc  by  a  very  ingenious  friend.  The  principal 
advantage  of  this  little  inftrument,  is  the  delicacy  of  the 
materials  of  which  it  is  compofed. 

It  confills  of  two  flips  of  leaf  gold,  which  are  pafted  to  the 
fides  of  a  peg,  which  fits  into  a  fmall  tube,  in  the  ujider  fide 
of  the  cap.  The  cap,  or  cover,  is  flat,  in  order  that  plates, 
books,  or  other  articles,  on  which  experiments  are  to  be 
made,  may  be  placed  upon  it.  It  has  alfo  a  rim  to  keep  off 
the  rain,  ahd  maintain  the  infulation,  when  it  is  ufed  in 
the  open  air.  There  is  a  fmall  tube  on  one  lide  of  the  cap, 
to  fix  wire  or  any  other  occafional  fubftance  to  ;  the  pieces 
of  leaf  gold  are  about  3  inches  long,  and  i-gth  of  an  inch 
broad.  The  cover  may  be  taken  off^  at  pleafure,  to  repair 
any  accident  happening  to  the  leaf  gold.    The  glafs  pre» 
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vents  the  leaf  gold  from  telng  agitated  ;  two  pieces  of 
tin  foil  are  fattened  on  oppofite  fides  of  the  internal  furface 
of  the  glafs,  to  prevent  the  glafs  from  being  charged,  and 
thus  interfering  with  the  repulfion  of  the  eleftrometer ;. 
therefore  the  cover  fhould  be  fo  turned,  that  the  leaf 
gold  may  ftrike  againft  the  tin  foil. 

The  following  experiments  fhew  the  great  fenfibility  of 
this  little  infhrument. 

1,  Powdered  chalk  was  put  into  a  bellows,  and  blown 
upon  the  cap ;  it  was  eleftrified  pofitively  by  the  ftream  of 
chalk,  when  the  nozzle  of  the  bellows  was  only  6  inches 
diftant  from  the  cap  ;  but  the  fame  ftream  ele6lrified  it 
negatively  at  the  diftance  of  three  feet.  In  this  experi- 
ment, the  quality  of  the  eleftricity  is  changed  from  pofitive 
to  negative,  by  difperfing  or  widening  the  ftream,  and 
making  it  pafs  through  a  longer  tra£l  of  air ;  it  is  alfo 
changed  by  pafilng  the  ftream  through  a  bunch  of  fine 
wires,  filks,  or  feathers  placed  upon  the  nozzle  of  the  bel- 
lows ;  it  is  negative  when  blown  from  a  pair  of  bellows, 
the  iron  pipe  being  taken  off  to  enlarge  the  ftream.  This 
laft  experiment  feems  to  anfwer  be  ft  in  damp  weather.  The 
pofitive  ele^ricity  generally  remains,  but  in  the  negative 
the  leaf  gold  collapfes  as  foon  as  the  cloud  of  chalk  ,is 
paffed. 

s.,  A  piece  of  chalk  drawri  over  a  brufh,  or  powdered 
chalk  put  into  a  brufli  and  projected  on  the  cover,  ele£lrified 
it  negatively.     The  eieflricity  was  not  permanent, 

3.  Powdered  chalk  blown  (with  the  mouth,  or  a  pair  of 
bellows,)  from  a  plate  placed  upon  the  cover,  gave  a  perma- 
nent pofitive  eleftrlcity.  If  a  brufli  is  placed  upon  the  co- 
ver, and  a  piece  of  chalk  is  drawn  over  it,  when  the  hand 
is  withdrawn,  the  leaf  gold  gradually  expands  with  pofitive;' 
cle6lricity,  as  the  cloud  of  chalk  difperfes. 

4.  Pow* 
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4.  Powdered  clialk  falling  from  one  plate  to  another, 
placed  on  the  inftrument,  eleftrified  it  negatively.  Many- 
other  experiments  have  been  tried,  as  projefting  it  from  a 
goofe  wing,  chalking  the  edges  of  a  book,  &c.  The  in- 
ftrument being  placed  in  a  dufty  read,  the  duft  ftruck  up 
with  a  ftick  near  it,  ele^lrified  if  pofitively  ;  wheat  flour 
and  red  lead  gave  a  ftrong  negative  eleftricity,  in  all  cafes 
where  the  chalk  gave  pofitive. 

5.  Place  a  metal  cup  upon  the  cap  with  a  red  hot  coal 
in  it,  a  fpoonful  of  water  thrown  upon  the  coal  eleftrifies 
the  cup  negatively.  If  a  bent  wire  be  placed  upon  the 
cover,  with  a  piece  of  paper  faftened  to  it,  to  increafe  it's 
furfacc,  it  will  exhibit  the  pofitive  electricity  of  the  afcend- 
ing  vapour,  when  introduced  into  it.  The  eleftricity  of 
rain  may  probably  be  illuftrated  by  pouring  water  on  hot 
coals  placed  in  an  infulated cullender;  the  afcending  vapour 
is  pofitive,  the  defcending  drops  are  negative. 

6.  The  fenfibihty  of  this  inftrument  may  be  increafed, 
by  placing  a  candle  upon  the  cap  ;  by  this  means  a  cloud  of 
chalk,  which  Vv'ould  but  juft  open  the  leaf  gold  before, 
will  caufe  them  to  ftrike  the  fides  for  a  long  time  together, 
and  the  ele£tricity  is  now  communicated  fo  ftrong,  that  the 
leaves  will  be  repelled  by  a  ftick  oF  excited  wax  at  10  or 
1 2  inches  diftance.  A  cloud  of  chalk  made  in  one  room  will 
eledrify  this  inftrument,  brought  from  another  room,  and 
at  a  conliderable  diftance. 

A  thunder  cloud  palTing  over  the  inftrument,  caufed  the 
leaf  gold  to  ftrike  the  fides  at  every  flafti  of  lightning. 
No  fenfible  ele£lricity  has  been  difcovered  by  it  on  the  ex- 
plofion  of  gun-powder,  or  the  projection  of  fmoke,  or 
flame  over  it. 

Excited  fealing-wax  will  often  make  the  leaf  gold  ftrike 
the  fides  of  the  glafs  more  than  1 2  times  ;  when  the  fealing- 
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wax  recedes,  it  will  ftrlke  it  again,  nearly  the  fame  num* 
ber  of  times;  but  if  the  approach  is  cj^uicker  than  the  re- 
ceflion,  the  number  of  times  will  fometimes  be  greater. 
The  quantity  of  ele6lricity  necefl'ary  to  caufe  a  repulfion  of 
the  leaf  gold  is  fo  fmall,  that  the  fharpeil  points  or  edges 
do  not  draw  it  off,  unlefs  they  are  brought  in  contact 
with  it  :  hence  it  is  unnecelfary  to  avoid  points  or  edges 
in  the  conlf  ruftion  of  this  inftrument. 

This  eleftrometer  may  alfo  be  conveniently  united  with 
Mr»  Volta's  condenfer,  by  making  the  cap  ferve  as  the  upper 
plate  of  the  condenfer,  and  by  applying  a  marble  or  var- 
nifhed  wooden  plate  upon  it,  with  a  metallic  handle  for  the 
lower  plate.  In  fome  experiments,  a  candle  may  be  con- 
nefted  at  the  fame  time  by  a  wire  with  the  upper  part  of 
the  eleftrometer ;  and  thus  increafe  the  advantages  to  be 
obtained  from  it.  When  this  apparatus  is  ufed,  the  opera- 
tor mud  touch  the  metallic  handle,  and  the  eleftricity  will 
enter  by  the  candle,  between  the  cap  and  upper  plate  ; ,  this 
being  lifted  up,  the  inflrument  will  exhibit  the  eleftricity. 

N.  B.  This  is  an  inverted  condenfer,  the  under  plate 
being  infulated  inftead  of  the  upper  one* 


A  Defcription  of  a  very  large  Eledrical  Ma- 
chine placed  in  Teyler^s  Mufeum,  in  Haarlem- 

This  machine  was  conftrufted  by  Mr.  John  Cuthbertfon, 
an  Englifli  mathematical  inflrument  maker,  in  Amfterdam; 
it  confifts  of  two  circular  plates  of  glafs,  each  of  65  inches 
diameter,  which  are  made  to  turn  upon  the  fame  horizontal 
axis,  at  the  diftance  of  7  |  inches  from  each  other.     Thefe 
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plates  arc  excited  by  eight  rubbers,  each  15  J,  inches  in 
length;  and  to  the  diftance  of  16  |-  inches  from  the  center, 
they  are  covered  on  both  iides  with  a  refinous  compofition, 
whichisdcfignedto  prevent  their  breaking,  and  to  hinder  the 
excited  eledricity  from  being  carried  off  by  the  axis.  The 
prime  conduftor,  which  confifts  of  feveral  pieces,  is  very 
large,  and  is  fupported  by  three  ^lafs  pillars,  each  57  inches 
high.  The  plates  are  made  of  French  glafs ;  as  this  is  found 
to  fucceed  better  than  any  other  kind,  except  the  Engliflri 
flint,  which  could  not  be  procured  of  fo  large  a  fize.  This 
machine  is  furnifhed  with  nine  eleftrical  batteries,  each  con- 
taining fifteen  jars,  and  each  jar  having  about  a  fquare  foot 
of  coated  glafs  ;  fo  that  the  grand  battery,  in  which  all  thefs 
are  combined,  confifls  of  above  130  fquare  icct  of  coated 
glafs. 

This  machine,  when  thus  completed,  was  aftonifhinglr 
powerful.  From  the  prime  conduftor,  fparks  have  been 
taken  24  inches  long  ;  thefe,  when  feen  in  the  dark,  ap- 
peared of  the  fize  of  a  common  goofe-quill,  feemed  to  dart 
in  ferpentine  lines,  and  emitted  many  collateral  rays,  foDie 
of  which  were  fix,  feven,  and  even  eight  inches  in  length. 
Even  upon  the  fliarpeft  fleel  points  that  could  be  made,  fparks 
of  half  an  ir^ch  have  been  received  from  the  conduftor. 

Another  proof  of  the  extraordinary  power  of  this  ma- 
chine is,  that  from  a  brafs  ball,  4  f  inches  in  diameter,  and 
projefting  5  inches  from  the  end  of  the  conduftor,  a  pencil 
or  plume  of  eleftrical  fire  was  emitted,  which  extended  16 
inches  in  length  and  breadth. 

By  the  fpark  from  the  prime  conduftor  alone,  without 
ufing  any  coated  glafs,  gunpowder  has  been  fired,  and  tin- 
der, rofin,  and  match  been  lighted;  being  at  different  times 
made  to  pafs  through  oil  of  turpentine,  and  oil  of  olives, 
they  caught  fire  from  it  ;  and  it  entirely  melted  a  piece  of 
^old  leaf,    20  inches  long,  and  half  a  line  in  breadth. 

When 
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When  this  machine  was  flrongly  excited,  fpeftators  have 
been  affe6led,  at  the  diftance  of  five,  fix.  and  fometinies  of 
eight  feet  from  the  prime  conduftor,  with  that  fenfation 
which  is  ufually  compared  to  a  cobweb  playing  on  the  face 
and  hands  ;  and  the  air  in  the  mufeum  was  fo  powerfully 
eleftrified,  that  at  the  further  extremity  of  the  apartment, 
which  is  40  feet  from  the  conduftor,  the  balls  of  Mr,  Ca- 
vallo's  ele8;rorneter  diverged  half  an  inch. 


Experiments    on    Eledlric    Light,     by    Mr. 
William     Morgan. 

1,  There  is  no  fluid  or  folid  body,  in  it's  paffage  through 
which  the  eleftric  fluid  may  not  be  made  luminous  ;  in  wa- 
ter, fpirits,   oil,  animal  fluids  of  all  kinds,  the  difcharge  of 
a  Leyden  phial,  of  almoft  any  fize,  will  appear  very  fplen- 
did,   provided  we  take  care  to  place  them  in  the  circuit,  fo 
that  the  fluid  may  not  pafs  through  too  great  a  quantity  of 
them.     The  general  method  is,  to  place  the  fluid,  on  which 
the  experiment  is  to  be  made,   in  a  tube  three  quarters  of  an 
inch  in  diameter,  and  four  inches  long  ;   flop  up  the  orifices 
of  the  tube  with  two  corks,  through  which  pufh  two  point- 
ed wires,  fo  that  the  points  may  approach  within  one-eighth 
of  an  inch  to  each  other  ;  the  fluid,   in  pafling  through  the 
interval  which  feparates  the  wires,   is  always  luminous,  if 
a  force  be  ufed  fufhciently  flrong  ;   the  glafs  tube,   if  not 
very  thick,  always  breaks  when  this  experiment  fucceeds. 
To  make  the  pafTage  of  the  fluid  luminous  in  the  acids,  they 
muft  be  placed  in  capillary  tubes,  and  two  wires  introduced, 
as  in  the  preceding  experiment,  whofe  points  fhall   be  very 
near  each  other.     It  is  a  well-known  faft,  that  the  difcharge 
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of  a  fmall  Leyden  phial,  in  pafiing  over  a  ftrip  of  gold,  filver, 
or  Dutch  metal  leaf,  will  appear  very  luminous.  By  con- 
veying the  contents  of  a  jar,  meafuring  two  gallons,  over  a 
ftrip  of  gold  leaf,  one-eighth  of  an  inch  in  diameter,  and  a 
yard  long,  it  will  frequently  give  the  whole  a  dazzling 
brightnefs.  We  may  give  this  experiment  a  curious  diver- 
fity,  by  laying  the  gold  or  filver  leaf  on  a  piece  of  glafs,  and 
then  placing  the  glafs  in  water  ;  for  the  whole  gold  leaf  will 
appear  moft  brilliantly  luminous  in  the  water,  by  expofmg 
it,  thus  circumftancedj    to  the  explofion  of  a  battery, 

II.  Jhe  difficulty  of  making  any  quantity  of  the  eleftrical 
fluid  luminous  in  any  body,  increafes  as  the  conducing 
power  of  that  body  increafes. 

Experiment  i. — In  order  to  make  the  contents  of  a  jar 
luminous  in  boiling  water,  a  much  higher  charge  is  necef- 
fary,  than  would  be  fufficient  to  make  it  luminous  in  cold 
water,  which  is  univerfally  allowed  to  be  the  worft  con- 
du6lor. 

Experiment  it. — There  are  various  reafons  for  believ- 
ing the  acids  to  be' very  good  conduftors;  if,  therefore, 
into  a  tube  filled  with  water,  and  circumftanced  as  has  been 
already  defcribed,  a  few  drops  of  either  of  the  mineral  acids 
are  poured,  it  will  be  almoft  impoffible  to  make  the  fluid 
luminous  in  it's  pafiage  through  the  tube. 

Experiment  hi.— If  a  ftring,  whofe  diameter  is  one* 
eighth  of  an  inch,  and  whofe  length  is  fix  or  eight  inches,  is 
rnoiflened  with  water,  the  contents  of  ajar  willpafs  through 
it  luminoufly  ;  but  no  fuch  appearance  can  be  produced  by 
any  charge  of  the  fame  jar,  provided  the  fame  firing  be 
moiftened  with  one  of  the  mineral  acidso     To  the  preceding 
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inftance  we  may  add  the  various  inftances  of  metals  which 
will  condu6l  the  eleftricai  fluid,  without  any  appearance  of 
light,  in  circumftances  the  fame  with  thofe  in  which  the 
fame  force  would  have  appeared  luminous  in  pafTing  through 
other  bodies,   whofe  conducing  power  is  lefs. 

III.  That  the  eafe  with  which  the  eleftrical  fluid  is  ren_ 
dered  luminous  in  any  particular  body,  is  increafed  by  in- 
creafmg  the  rarity  of  the  body.  The  appearance  of  a  fpark, 
or  of  the  difcharge  of  a  Leyden  phial,  in  rarefied  air,  is 
well  known.  But  we  need  not  reft;  the  truth  of  the  preceding 
obfervation  on  the  feveral  varieties  of  this  faft  ;  fimilar 
phcenomena  attend  the  rarefaftion  of  ether,  of  fpirits  of 
wine,   and  of  water. 

Experiment  iv. — Into  the  orifice  of  a  tube,  48  inches 
long,  and  two-thirds  of  an  inch  in  diameter,  cement  an  iron 
ball,  fo  as  to  bear  the  weight  which  prefles  upon  it  when 
the  tube  is  filled  with  quickfilver,  leaving  only  an  interval 
at  the  open  end,  which  contained  a  few  drops  of  water. 
Having  inverted  the  tube,  and  plunged  the  open  end  of  it 
into  a  bafon  of  mercury,  the  mercury  in  the  tube  ftood 
nearly  half  an  inch  lower  than  it  did  in  a  barometer  at  the 
fame  inftant,  owing  to  the  vapour  which  was  formed  by  the 
water.  But  through  this  rarefied  water,  the  eleftrical  fpark 
pafled  as  luminoufly  as  it  does  through  air  equally  rarefied. 

Experiment  v. — If,  infl:ead  of  water,  a  few  drops  of  fpi- 
rits of  wine  are  placed  on  the  furface  of  the  mercur\',  phaeno- 
mena,  fimilar  to  thofe  of  the  preceding  experiment,  will  be 
difcovered,  with  this  difference  only,  that  as  the  vapour  in 
this  cafe  is  more  denfe,  the  eleftrical  fpark,  in  it's  paiTage 
through  it,  is  not  quite  fo  luminous  as  it  is  in  the  vapour  of 
water. 

6  EXPERI- 
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Experiment  vi. — Good  ether,  fubftitiitcd  in  the  room 
of  the  fpirits  of  wine,  will  prefs  the  mercury  down  (p  low 
as  the  height  of  16  or  17  inches.  The  eleftrical  fluid,  in 
pafTing  through  this  vapour,  (unlefs  the  force  be  very  great 
indeed,)  is  fcarcely  luminous  ;  but  if  the  preffure  on  the 
furface  of  the  mercury  in  the  bafon,  be  gradually  leffened 
by  the  aid  of  an  air-pump,  the  vapour  will  become  more 
and  more  rare,  and  the  eleftric  fpark,  in  pafling  through  it, 
more  and  more  luminous. 

Experiment  vii. — It  has  not  been  difcovered,  that  any 
vapour  does  efcape  from  the  mineral  acids  when  expofed  in 
vacuo.  To  give  them,  therefore,  greater  rarity  or  tenuity, 
different  methods  are  found  necelTary.  With  a  fine  camel- 
hair  pencil,  dipped  in  the  vitriolic,  the  nitrous,  or  the 
marine  acid,  draw  upon  apiece  of  glafs  a  line,  about  one- 
eighth  of  an  inch  broad.  In  fome  inftances,  you  muft  ex- 
tend this  line  to  the  length  of  27  inches,  and  you  will  find 
that  the  contents  of  an  eleftric  battery,  confifting  of  ten 
pint  phials  coated,  will  pafs  over  the  whole  length  of  this 
line  with  the  greateft  brilliancy.  If,  by  widening  the  line, 
or  by  laying  on  a  drop  of  the  acid,  it's  quantity  be  increafed 
in  any  particular  part,  the  charge,  in  pafiTing  through  that 
part,  will  not  appear  luminous.  Water,  fpirits  of  wine, 
circumftanced  fimilarly  to  the  acids  in  the  preceding  expe- 
riments, will  be  attended  with  fimilar,  but  not  equal  effefts; 
becaufe,  in  confequence  of  the  inferiority  of  their  conduc- 
ing power,  it  will  be  neceflfary  to  make  the  line,  through 
which  the  charge  paffes,   confiderably  fnorter, 

IV.  The  brilliancy  or  fplendor  of  the  eleflric  fluid,  in 
it's  paffage  through  any  body,  is  always  increafed  by  leflen- 
ing  the  dimenfions  of  that  body ;  that  is,  a  fpark,  or  the 
difcharge  of  a  battery,  which  v/e  might  fuppofe  equal  to  a 
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fpherc  one  quarter  of  an  inch  in  diameter,  will  appear  much, 
more  brilliant,  if  the  fame  quantity  of  fluid  is  compreffed  in- 
to a  fphere  one-eighth  of  an  inch  in  diameter.  This  obfer- 
vation  is  the  obvious  confequence  of  many  known  fafts  ;  if 
the  machine  be  large  enough  to  afford  a  fpark,  whofe  length 
is  nine  or  ten  inches,  this  fpark  may  be  feen  fometimes 
fdrming  itfelf  into  a  brufh,  in  which  ftate  it  occupies  more 
room,  but  appears  very  faintly  luminous ;  at  other  times, 
the  fame  fpark  may  be  feen  dividing  itfelf  into  a  variety  of 
ramifications,  which  fhoot  into  the  furrounding  air.  In 
this  cafe,  likewife,  the  fluid  is  diffufcd  over  a  large  furface, 
and  in  proportion  to  the  extent  of  that  furface,  fo  is  the 
faintnefs  of  the  appearance.  A  fpark,  which  in  the  open 
air  cannot  exceed  one  quarter  of  an  inch  in  diameter,  will 
appear  to  fill  the  whole  of  an  exhaufted  receiver,  four 
inches  wide  and  eight  inches  long  ;  but  in  the  former  cafe 
it'is  brilliant,  and  in  the  latter  it  grows  fainter  and  fainter, 
as  the  fize  of  the  receiver  increafes.  This  obfervation  is 
furiher  proved  by  the  following  experiments. 

Experiment  viii. — To  an  infalated  ball,  four  inches  in 
diameter,  fix  a  filver  thread,  about  four  yards  long.  This 
thread,  at  the  end  which  is  remoteft  from  the  ball,  muft  be 
fixed  to  another  infulated  fubftance.  Bring  the  ball  within 
the  ftriking  diflance  of  a  conductor,  and  the  fpark,  in  paffvng 
from  the  conduftor  to  the  ball,  will  appear  very  brilliant ; 
the  whole  length  of  the  filver  thread  will  appear  faintly 
luminous  at  the  fame  in  ftant.  When  the  fpark  is  confined 
within  the  dim.enfions  of  a  fphere,  one-eighth  of  an  inch  in 
diameter,  it  will  be  bright  ;  but  when  diffufed  over  the  fur- 
face of  air  which  received  it  from  the  thread,  it's  light  will 
be  fo  faint  as  to  be  feen  only  in  a  dark  room.  If  you  leffen 
the  furface  of  air  which  receives  the  fpark,  by  fhortcning 
■   '    ■      ■  ■ :    •    '     ■  the 
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the  thread,  it  will  not  fail  to  increafe  the  Brightnefs  of  the 
appearance. 

Experiment  ix. — To  prove  that  the  faintnefs  of  the 
eleftric  hght  in  vacuo,  depends  on  the  enlarged  dimen- 
fions  of  the  fpace  through  which  it  is  diffufed  ;  we  have  no- 
thing more  to  do  than  to  introduce  two  pointed  wires  into 
the  vacuum,  fo  that  the  fluid  may  pafs  from  the  point  of  the 
one,  to  the  point  of  the  other  ;  when  the  diflance  between 
them  is  not  more  than  the  one  tenth  of  an  inch,  in  this 
cafe  we  fliall  find  a  brilliancy  as  great  as  in  the  open  air. 

Experiment  x,— Into  a  Torricellian  vacuum,  36  inches 
long,  convey  as  much  air  as  will  fill  two  inches  only  of  the 
exhaufted  tube  if  it  were  inverted  in  water;  this  quantity 
of  air  will  afford  refi  fiance  enough  to  condenfe  the  fluid  as 
itpaffes  through  the  tube  into  a  fpark,  38  inches  in  length. 
The  brilliancy  of  the  fpark  in  condenfed  air,  in  water,  and 
in  all  fubflances  through  which  it  paffes  with  difficulty, 
depends  on  principles  fimilar  to  thofe  which  account  for 
the  preceding  fafts. 

V.  That  in  the  appearances  of  elcftricity,  as  well  as  in 
thofe  of  burning  bodies,  there  are  cafes  in  which  all  the  rays 
of  light  do  not  efcape  ;  and  that  the  moft  refrangible  rays  are 
thofe  which  efcape  firll  or  moft  eafily.  The  eleftrical 
brufb  is  always  of  a  purple  or  bluifh  hue.  If  you  convey  a 
fpark  through  a  Torricellian  vacuum,  made  without  boiling 
the  mercury  in  the  tube,  the  brufh  will  difplay  the  indigo 
rays.  The  fpark,  however,  may  be  divided  and  weakened, 
even  in  the  open  air,  fo  as  to  yield  the  moft  refrangible 
rays  only. 

Experiment  XI. — To  an  infulated  metallic  ball,  four 
inches  ih  diameter,  fijc  a  wire  a  foot  and  a  half  long  ;  this 

wire 
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wire  fliould  terminate  in  four  ramifications,  each  of  which 
muft  be  fixed  to  a  metallic  ball  half  an  inch  in  diameter, 
and  placed  at  an  equal  diftance  from  a  metallic  plate,  which 
mull  be  communicated  by  metallic  condu6lors  with  the 
ground.  A  powerful  fpark,  after  falling  on  the  large  ball 
at  one  extremity  of  the  wire,  will  be  divided  in  it's  paflage 
from  the  four  fmall  balls  to  the  metallic  plate.  When  you 
examine  the  divifion  of  the  fluid  in  a  dark  room,  you  will 
difcover  fome  little  ramifications,  which  will  yield  the  in- 
digo rays  only  :  indeed  at  the  edges  of  all  weak  fparks, 
the  fame  purple  appearance  may  be  difcovered.  You  may 
likewife  obferve,  that  the  nearer  you  approach  the  center 
of  the  fpark,    the  greater  is  the  brilliancy  of  it's  colour. 

VI.  That  the  influence  of  different  media  on  eleftrical 
light,  is  analogous  to  their  influence  on  folar  light,  and 
will  help  us  to  account  for  fome  very  Angular  appearances. 

Experiment  xii. — Let  a  pointed  wire,  having  a  me- 
tallic ball  fixed  to  one  of  it's  extremities,  be  forced  ob- 
liquely into  a  piece  of  wood,  fo  as  to  make  a  fmall  angle 
with  the  furface  of  the  wood,  and  to  make  the  point  lie 
about  one  eighth  of  an  inch  below  the  furface.  Let  an- 
other pointed  wire,  which  communicates  with  the  ground, 
be  forced  in  the  fame  manner  into  die  fame  wood,  fo  that 
it's  point  likewife  may  lie  about  one  eighth  of  an  inch  be- 
low the  furface,  and  about  two  inches  dift:ant  from  the 
point  of  the  fir  ft  wire.  Let  the  wood  be  infulated,  and  a 
flrong  fpark,  which  ftrikes  on  the  metallic  ball,  will  force 
it's  paflage  through  the  interval  of  wood  which  lies  be- 
tween the  points,  and  appear  as  red  as  blood.  To  prove 
that  this  appearance  depends  on  the  wood's  abforption  of 
all  the  rays  but  the  red  ;  when  thefe  points  were  deepeft 
below  the  furface,  the  red  only  came  to  the  eye  through  a 
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pr'ifm  ;  when  they  were  raifed  a  little  nearer  the  furface, 
the  red  and  orange  appeared  ;  when  nearer  ftill,  the  yel- 
low ;  and  fo  on,  till,  by  making  the  fpark  pafs  through 
the  wood  very  near  it's  furface,  all  the  rays  were  at  length 
able  to  reach  the  eye.  If  the  points  be  only  one  eighth  of 
an  inch  below  the  furface  of  foft  deal  wood,  the  red,  the 
orange,  and  the  yellow  rays  will  appear  as  the  fpark  paflbs 
through  it ;  but  when  the  points  are  at  an  equal  depth  in  a 
harder  piece  of  wood,  (fuch  as  box)  the  yellow,  and  per- 
haps the  orange,  will  difappear.  As  a  farther  proof  that  the 
phaenomena,  thus  defcribed,  are  owing  to  the  interpofition 
of  the  wood,  as  a  medium  which  abforbs  fome  of  the  rays, 
and  fufFers  others  to  efcape  ;  it  may  be  obfervcd,  that 
when  the  fpark  ftrikes  very  brilliantly  on  one  fide  of  the 
piece  of  deal,  on  the  other  fide  it  will  appear  very  red.  In 
like  manner,  a  red  appearance  may  be  given  to  a  fpark 
which  ftrikes  brilliantly  over  the  infide  of  a  tube,  merely 
by  fpreading  fome  pitch  very  thinly  over  the  outfide  of  the 
fame  tube. 

Experiment  xiii. — If  into  a  Torricellian  vacuum,  of 
any  length,  a  few  drops  of  ether  are  conveyed,  and  both 
ends  of  the  vacuum  are  ftopped  up  with  metallic  conduc- 
tors, fo  that  a  fpark  may  pafs  through  it;  the  fpark  in  it's 
paffage  will  aflume  the  following  appearances.  "When  the 
eye  is  placed  clofe  to  the  tube,  the  fpark  will  appear  per- 
feftly  white;  if  the  eye  is  removed  to  the  diftance  of  fix 
or  feven  yards,  the  colour  of  the  fpark  will  be  reddifh. 
Thefe  changes  evidently  depend  on  the  quantity  of  medium 
through  which  the  light  paffes,  and  the  red  light  of  a  diflant 
candle,   or  a  beclouded  fun. 

Experiment  xiv. — Dr.   Prieftley  long  ago  obferved 
the  red  appearance  of  the  fpark  when  pafling  through  in- 
flammable 
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flammable  air ;  but  this  appearance  is  very  much  diverfi- 
fied  by  the  quantity  of  medium,  through  which  you  look  at 
the  fpark .  When  at  a  very  confiderable  diftance,  the  red 
comes  to  the  eye  unmixed  ;  but  if  the  eye  is  placed  clofe  to 
the  tube,  the  fpark  appears  white  and  brilliant.  In  con- 
firmation, however,  of  fome  of  thefe  conclufions,  you  mtift 
obferve,  that  by  increafmg  the  quantity  of  fluid  whicji  is 
conveyed  through  any  portion  of  inflammable  air,  or  by 
condenfmg  that  air,  the  fpark  may  be  entirely  deprived  of 
it's  red  appearance,  and  made  perfectly  brilliant.  All  weak 
explofions  and  fparks,  when  viewed  at  a  diftance,  bear  a 
reddifh  hue.  Such  are  the  explofions  which  have  palfed 
through  water,  fpiritsof  wine,  or  any  bad  condu6lor,  when 
confined  in  a  tube  whofe  diameter  is  not  more  than  an  inch. 
The  reafon  of  thefe  appearances  feems  to  be,  tlrat  the  weaker 
the  fpark  or  explofion  is,  the  lefs  is  the  light  which  efcapes  ; 
and  the  more  vifible  the  efFeft  of  any  medium,  which  has  a 
power  to  abforb  fome  of  that  light. 

Chalk,  oyfter-fhells,  together  with  thofe  phofphoric 
bodies,  whofe  goodnefs  has  been  very  much  impaired  by 
long  keeping,  when  finely  powdered,  and  placed  within 
the  circuit  of  an  eleftrical  battery,  will  exhibit,  by  their  fcat- 
tered  particles,  a  fhower  of  light ;  but  thefe  particles  will 
appear  reddifti,  or  their  phofphoric  power  will  be  fufficient 
only  to  detain  the  yellow,  orange,  and  red  rays.  Vv^hea 
fpirits  of  wine  are  in  a  fimilar  manner  brought  within  the 
circuit  of  a  battery,  a  fimilar  effeft  may  be  difcovered  ;  it's 
particles  diverge  in  feveral  direftions,  difplaying  a  molt 
beautiful  golden  appearance.  The  metallic  calces  are,  of 
all  bodies,  thofe  which  are  rendered  phofphoric  with  the 
greateft  difficulty  -,  but  even  thefe  may  be  fcattered  into  a 
fhower  of  red  luminous  particles  by  the  ele6lric  ilroke. 

Eledrical 
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Elc6lrical  experiments  made  in  order  to  afcer- 
tain  the  non-condudling  power  of  a  perfed: 
vacuum,  &c.  by  Mr.  William  Morgan. 

The  non-condu6lmg  power  of  a  perfeft  vacuum,  is  a  fa6k 
in  eleftricity  which  has  been  much  controverted  among 
philofophers.  The  experiments  made  by  Mr.  Walfh, 
T.  R.  S.  in  the  double  barometer  tube,  clearly  demonflrated 
the  impermeability  of  the  ele6lric  light  through  a  vacuum  ; 
nor  was  it,  I  think,  precipitate  to  conclude  from  them  the 
imDermeability  of  the  ele£lric  fluid  itfelf.  But  this  conclu- 
fion  has  not  been  univerfally  admitted,  and  the  following 
experiments  were  made  with  the  view  of  determining  it's 
truth  or  fallacy. 

A  mercurial  gage  B,  fig.  i,  about  15   inches  long,   care* 
fully  and   accurately  boiled,  till  every  particle  of  air  was 
expelled  from  the  infide,  was  coated  with  tin-foil,  5  inches 
down  from  it's  fealed  end  (A),  and  being  inverted  into  mer- 
cury through   a  perforation  D,  in  the  brafs   cap  E,  which 
.covered  the  mouth  of  the  cifternH;  the  whole  -^as  cement- 
ed together,  and  the   air  was  exhaufted  from  the  infide  of 
the  ciftern  through  a  valve  Cj  in  the  brafs  cap  E  juft  men- 
tioned; which  producing  a  perfect  vacuum  in  the  gage  B, 
afForded  an  inftrument  peculiarly  well  adapted  for  experi- 
ments of  this  kind.     Things  being  thus  adjujfled,  a  fmall 
wtre,  F,  having  been  previoufly  fixed  on  the  infide  of  the 
ciftern,  to  form  a  communication  between  the  brafs  cap  Ej 
-and  the  mercury  O,  into  which  the   gage   was  inverted;' 
the  coated  end  A  was  applied  to  the  condu8;or  of  an  eleftri- 
cal  machine  ;   and,  notwithftanding  every  effort,  neither  the 
fmalleft  ray  of  light,  nor  the  flighteft  cliarge,  could  ever  b^ 
procured  in  this  exhaufted  gage.     It  is  well  known,  that  if 
a  glafs  tube  be  exhaufted  by  an  air-pumj),  and  coated  on  the 
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outfide,  both  light  and  a  charge  may  very  readily  be  pro- 
cured. If  the  mercury  in  the  gage  be  imperfeftly  boiled, 
the  experiment  will  not  fucceed  ;  but  the  colour  of  the 
eleftric  lightj  which,  in  air  rarefied  by  an  exhaufter,  is 
always  violet  or  purple,  appears  in  this  cafe  of  a  beautiful 
green  ;  and  what  is  very  curious,  the  degree  of  the  air's 
rarefaftion  may  be  nearly'  determined  by  this  means.  There 
have  been  inftances  known,  in  a  courfe  of  experiments, 
where  a  fmall  particle  of  air  having  found  it's  way  into  the 
tube  B,  the  eleftrlc  light  became  vifible,  and  as  ufual  of  a 
green  colour ;  but  the  charge  being  often  repeated,  the  gage 
has  at  length  cracked  at  it's  fcaled  end,  and  in  confequence 
the  external  air,  by  being  admitted  into  the  infide,  has  gra- 
dually produced  a  change  in  the  eleftric  light,  from  green  to 
blue,  from  blue  to  indigo,  and  fo  on  to  violet  and  purple, 
till  the  medium  has  at  laft  become  fo  denfe,  as  no  longer  to 
be  a  conduftor  of  electricity.  There  can  be  littie  doubt, 
from  the  above  experiments,  of  the  non-condu61:ing  power 
of  a  perfeft  vacuum ;  and  this  faQ;  is  ftill  more  firongly  con- 
firmed by  the  phsenomena  which  appear  upon  the  admifiTion 
of  a  very  minute  particle  of  air  into  the  infide  of  the  gage. 
In  this  cafe,  the  whole  becomes  immediately  luminous,  up- 
on the  flighteft  application  of  eleftricity,  and  a  charge  takes 
place,  which  continues  to  grow  more  and  more  powerful, 
in  proportion  as  frefh  air  is  admitted,  till  the  denfity  of  the 
conducing  medium  arrives  at  it's  maximum,  which  it 
always  does  when  the  colour  of  the  eleftric  light  is  indigo  or 
violet.  Under  thefc  circumflances,  the  charge  may  be  fo 
far  increafed,  as  frequently  to  break  the  glafs.  In  fomc 
tubes,  which  have  not  been  completely  boiled,  they  will 
not  conduftthe  electric  fluid,  when  the  mercury  is  fallen 
very  low  in  them  ;  yet  upon  letting  in  air  into  the  ciflern 
H,  fo  that  the  mercury  fhall  Tjife  in  the  gage  B,  the  eleftric 
fluid,  which  was  before  latent  in  the  infide,  fhall  now  be- 
come 
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come  vifible,  and  as  the  mercury  continues  to  rife,  and  of 
confequence  tlie  medium  is  rendered  lefs  rare,  the  light  fhall 
grow  more  and  more  vifible,  and  the  gage  fliall  at  laft  be 
charged,  notwithftanding  it  has  not  been  near  an  elcftrical 
machine  for  two  or  three  days.  This  feems  to  prove,  that 
there  is  a  limit  even  in  the  rarefaclion  of  air,  which  fets 
bounds  to  it's  conducing  power  ;  or,  in  other  words,  that 
the  particles  of  air  may  be  fo  far  feparated  from  each  other, 
as  no  longer  to  be  able  to  tranfmit  the  eleftric  fluid  ;  that 
if  they  are  brought  within  a  certain  diilance  of  each  other, 
their  conducing  power  begins,  and  continually  inc^eafes, 
till  their  approach  alfo  arrives  at  it's  limit,  when  the  parti- 
cles again  become  fo  near,  as  to  refift  the  paffage  of  the 
fluid  entirely,  without  employing  violence,  which  is  the 
cafe  in  common  and  condenfed  air,  but  more  particularly  in 
the  latter. 

It  is  furprifing  to  obferve,  how  readily  an  exhaufled  tube 
is  charged  with  ele6lricity.  By  placing  it  at  ten  or  twelve 
inches  from  the  condu6lor,  the  light  may  be  feen  pervading 
it's  inflde,  and  as  ftrong  a  charge  may  fometimes  be  procu- 
red, as  if  it  were  in  conta6l  with  the  conduftor.  Nor  does  it 
flgnify  how  narrow  the  bore  of  the  glafs  may  be  ;  for  even 
a  thermometer  tube,  having  the  minutefl;  perforation  pofli- 
ble,  will  charge  with  the  utmofl;  facility  ;  and  in  this  expe- 
riment, the  phaenomena  are  peculiarly  beautiful. 

Let  one  end  of  a  thermometer  tube  be  fealed  hermetical- 
ly ;  let  the  other  end  be  cemented  into  a  brafs  cap  with  a 
valve,  or  into  a  brafs  cock,  fo  that  it  may  be  fitted  to  the 
plate  of  an  air-pump.  Whenit  is  exhaufted,  let  the  fealed 
end  be  applied  to  the  conduftor  of  an  eleftrical  machine, 
while  the  other  end  is  either  held  in  the  hand,  or  connecled 
to  the  floor.  Upon  the  flighteft  excitation,  the  cleftric  fluid 
will  accumulate  at  the  fealed  end,  and  be  difcharged  through 
|he  inflde  in  the  form  of  a  fpark  ;  and  this  accumulation  and 

k  2  diTcharge 
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difcharge  maybe  inceflantly  repeated,  till  the  tube  ?s  broken. 
By  this  means,   a  Tpark   42  inches  long  may  be  procured  ; 
and  if  a  proper  tube  could  be  found,  we  might  have  a  fpark 
three  or  four  times  that  length :    if,  inftead  of  the  fealed  end, 
a  bulb  be  blown  at  that  extremity  of  the  tube,  the  elefb-ic 
light  will  fill  the  whole  of  that  bulb,  and  then  pafs  through 
the  tube  in  the  form  of  a  brilliant  fpark,  as  in  the  foregoing 
experiment ;  though  in  this  cafe,  the  charge,  after  a  few 
trials,  will  make  a  fmall  perforation  in  the  bulb.     If,  again, 
a  thermometer,    filled   with   mercury,    be   inverted  into   a 
ciftern,  and  the  air  exliaufted  in  the  manner  before  defcrib^d 
for  making  the   experiment  with  the   gage,  a  Torricellian 
vacuum  will  be  produced  ;  and  now  the  eleftric  light  in  the 
bulb,    as  well  as  the  fpark  in  the  tube,  will  be  of  a  vivid 
green  ;  but  the  bulb  will  not  bear  a  frequent  repetition  of 
charges,  before  it  is  perforated  in   like  manner  as  when  it 
has  been  exhaufhed  by  an  air-pump.    It  can  hardly  be  necef- 
fary  to  cbferve,  that  in  thefe  cafes  the  electric  fluid  aflumes 
the  appearance  of  a  fpark,*  from  the  narrownefs  of  the  paf- 
fagfe  through  which  it  forces  it's  way.     If  a  tube,    40  inches 
long,  be  fixed  into  a  globe,  8  or  9  inches  in  diameter,    and 
tKe  whole  be  exhaufted,   the  eleftric  fluid,  after  pafling  in 
the  form  of  a  brilliant  fpark  throughout  the   length  of  the 
tube,  will,  when   it  gets  into  the  infide  of  the  globe,   ex- 
pand itfelf  in  all  direftions,  entirely  filling  it  with  a  violet 
and  purple  light,   and  exhibiting  a  (Iriking  inflance  of  tkte 
vaft  elailicity  of  the  electric  fluid, 

Mr.  Brook's  method  of  making  mercurial  gages  is  nearly 
as  follows.  Let  a  glafs  tube  L,  fig  2,  fealed  hermetically  at  one 

end, 


*  By  cementing  the  firing  of  a  gulttar  into  one  end  of  a 
thermometer  tube,  a  fpark  may  be  obtained,  as  well  as  if 
ihe  tube  had  been  fealed  hermetically. 
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end,  be  bent  into  a  right  angle  within  two  or  three  inches  of 
the  other  end  ;  at  the  diflance  of  about  an  inch  or  lefs  from 
the  angle,  let  a  bulb  K,  of  about  |  of  an  inch  in  diameter, 
be  blown  in  the  curved  end,  and  let  the  remainder  of  this 
part  of  the  tube  be  drawn  out  as  to  I,  fo  as  to  be  fufficiently 
long  to  take  hold  of,  when  the  mercury  is  boiling.  The 
bulb  K  is  deligned  as  a  receptacle  for  the  mercury,  to  pre- 
vent it's  boiling  ever,  and  the  bent  figure  of  the  tube  is 
adapted  for  it's  inverfion  into  the  ciftern  ;  for  by  breaking 
off  the  tube  at  M,  within  i  or  J  of  an  inch  of  the  angle, 
the  open  end  of  the  gage  may  be  held  perpendicular  to  the 
horizon,  when  it  is  dipped  into  the  mercury  in  the  ciflern, 
without  obliging  us  to  bring  our  finger,  w  any  other  fub- 
iVance,  into  contaft  with  the  mercury  in  the  gage,  which 
never  fails  to  render  the  inftrument  imperfeil.  It  is  ne- 
celfary  to  obferve,  that  if  the  tube  be  fourteen  or  fifteen 
inches  long,  it  will  be  neceflary  to  boil  it  for  three  or  four 
hours ;  nor  will  it  even  then  fucceed,  unlefs  the  greatefl 
attention  be  paid  that  no  bubbles  of  air  lurk  behind,  which 
will  frequently  happen,  if  the  tube  is  not  made  v^ry  dry 
before  the  mercury  is  put  into  it*  If  this  caution  be  not 
obferved,  the  infl;rument  can  never  be  made  perfect. 


Experiments  on  air,  by  Henry  Cavendish,  Efq. 

The  apparatus  ufed  in  making  the  experiments  was  as 
follows.  The  air,  through  which  the  fpark  was  intended 
to  be  paiTed,  was  confined  in  a  glafs  tube  M  bent  to  an  an.- 
gle,  as  in  fig.  7,  which,  after  being  filled  with  quickfilver, 
"was  inverted  into  two  glaffes  of  the  fame  fluid,  as  in  the 
figure.     The  air  to  be  tried,  was  then  introduced  by  means 

of 
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oP  a  fmall  tube,  fuch  as  is  ufed  for  thermometers,  bent  in 
the  manner  reprefented  by  ABC,  fig.  8,  the  bent  end  of 
vyhich,  after  being  previoudy  filled  with  quickfilver,  was 
introduced,  as  in  the  figure,  under  the  glafs  D  E  F,  inverted 
into  water,-  and  filled  with  the  proper  kind  of  air,  the  end 
G  of  the  tube  being  kept  flopped  by  fhe  finger ;  then,  on 
removing  the  finger  from  C,  the  quickfilver  in  the  tube 
defcended  in  the  leg  B  C,  and  it's  place  was  fupplied  with 
air  from  the  glafs  D  E  F.  Having  thus  got  the  proper 
quantity  of  air  into  the  tube  ABC,  it  was  held  with  the 
end  C  uppermoft,  and  flopped  with  the  finger  ;  and  the 
end  A,  made  fmaller  for  that  purpofe,  being  introduced  into 
one  end  of  the  bent  tube  M,  fig.  7,  the  air,  on  removing  the 
finger  fi-om  C,  was  forced  into  that  tube  by  the  preffu^e 
of  the  quickfilver  in  the  leg  B  C.  By  thefe  means  he  was 
enabled  to  introduce  the  ex  aft  quantity  he  ple^fed  of  any 
kind  of  air  into  the  tube  M  ;  and  by  the  fame  means, 
cpuld  let  up  any  quantity  of  foap-lees,  or  any  other  liquor 
which  he  wanted  to  be  in  contaft  with  the  air. 

In  one  cafe,  hox^i'ever,  in  which  he  wanted  to  introduce 
air  into  the  tube  many  times  in  the  fame  experiment,  he 
yfed  the  apparatus  reprefented  in  fig.  9,  confifting  of  a 
tube  A  B  of  a  fmall  bore,  a  ball  C,  and  a  tube  D  E  of  a 
larger  bore.  This  apparatus  v/as  firfl  filled  with  quick- 
filver, and  then  the  ball  C  and  the  tube  A  B  were  filled 
■with  .air,  by  introducing  the  end  A  under  a  glafs  inverted 
into  water,  which  contained  the  proper  kind  of  air,  and 
drawing  out  the  quickfilver  from  the  leg  E  D  by  a  fyphon. 
After  being  thus  furnifhcd  with  air,  the  apparatu3  was 
■weighed,  and  the  end  A  introduced  into  one  end  of  the 
tube  M,  and  kept  there  during  the  experiment;  the  way 
of  forcing  air  out  of  this  apparatus  into  the  tube,  being  by 
thruflingdown  the  tube  E  D  a  wooden  cylinder,  of  fuch  a 
fize  as  almoft  to  fill  up  the  whole  bore,  and  by  ocvsfic^- 

aily 
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ally  pouring  quickfilver  into  the  fame  tube,  to  fupply  the 
place  of  that  puflied  into  the  ball  C.  After  the  experiment 
was  finifhed,  the  apparatus  was  weighed  again,  which 
fhewcd  exactly  how  much  air  had  been  forced  into  the  tube 
M,  during  the  whole  experiment ;  it  being  equal  in  bulk 
to  a  quantity  of  quickfilver,  whofe  weight  was  equal  to  the 
increafe  of  weight  of  the  apparatus. 

The  bore  of  the  tube  M  ufed  in  mofl  of  the  following 
experiments,  was  about  one  tenth  of  an  inch  ;  and  the  length 
of  the  column  of  air,  occupying  the  upper  part  of  the  tube, 
was  in  general  from  i  |-  to  |  of  an  inch. 

It  is  fcarcely  neceilary  to  inform  any  one  ufed  to  elec- 
trical experiments,  that  in  order  to  force  an  eleftrical  fpark 
through  the  tube,  it  was  neceflary,  not  to  make  a  commu- 
nication between  the  tube  and  the  conductor,  but  to  place 
an  infulated  ball  at  fuch  a  diftance  from  the  conduftor,  as 
to  receive  a  fpark  from  it,  and  to  make  a  communication 
between  that  ball  and  the  quickfilver  in  one  of  the  glaffes, 
while  the  quickfilver  in  the  other  glafs  communicated  with 
the  ground. 

When  the  ele6lric  fpark  was  made  to  pafs  through  com- 
mon air,  included  between  Ihort  columns  of  a  folution  of 
litmus,  the  folution  acquired  a  red  colour,  and  the  air  was 
diminllhed  conformably  to  what  was  obferved  by  Dr. 
Prieflley.  When  lime-water  was  ufed  inftead  of  the  folu- 
tion of  litmus,  and  the  fpark  was  continued  till  the  air 
could  be  no  farther  dimlnifhed,  not  the  leaft  cloud  could 
be  perceived  in  the  lime-water  •,  but  the  air  was  reduced  to 
two  thirds  of  it's  original  bulk;  which  is  a  greater  diminu- 
tion than  it  could  have  fufferedby  mere  phloglfllcation,  as 
that  is  very  little  more  than  one-fifth  of  the  whole. 

The  experiment  was  next  repeated  with  fome  impure 
dcphlogifticated  air.     The  air  was  very  much  dimlnlfiied, 
but  without  the  leall  cloud  being  produced  in  the  lime- 
water  ; 
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water ;  neither  was  any  cloud  produced  when  fixed  air  was 
let  up  to  it ;  but  on  the  further  addition  of  a  little  cauftic 
■volatile  alkali,  a  brown  fediment  was  immediately  perceivedi 

Hence  we  may  conclude,  that  the  lime-water  was  fatura- 
ted  by  fome  acid  formed  during  the  operation  ;  as  in  this 
cafe  it  is  evident,  that  no  earth  could  be  precipitated  by  the 
fixed  air  alone,  but  that  cauftic  volatile  alkali,  on  being 
added,  would  abforb  the  fixed  air,  and  thus  becoming  mild, 
would  immediately  precipitate  the  earth  ;  whereas,  if  the 
earth  in  the  lime-water  had  not  been  faturated  with  an  acid, 
it  would  have  been  precipitated  by  the  fixed  air.  As  to  the 
brown  colour  of  the  fediment,  it  moft  likely  proceeded  from 
fome  of  the  quickfilver  having  been  diffolved. 

It  muft  be  obferved,  that  if  any  fixed  air,  as  well  as  acid, 
had  been  generated  in  thefe  two  experiments  with  the  lime- 
water,  a  cloud  muft  have  been  at  firft  perceived  in  it,  though 
that  cloud  would  afterwards  difappear,  by  the  earth  being 
re-dilfolved  by  the  acid  ;  for  till  the  acid  produced  was  fuf- 
ficient  to  diflblve  the  whole  of  the  earth,  fome  of  the  re- 
mainder would  be  precipitated  by  the  fixed  air  ;  fo  that  we 
may  fafely  conclude,  that  no  fixed  air  was  generated  in  the 
operation. 

When  the  air  is  confined  by  foap-lees,  the  diminution 
proceeds  rather  fafter  than  when  it  is  confined  by  lime- 
water  ;  for  which  reafon,  as  well  as  on  account  of  their 
containing  fo  much  more  alkaline  matter  in  proportion  to 
their  bulk,  foap-lees  feemed  better  adapted  for  experiments 
defigned  to  inveftigate  the  nature  of  this  acid,  than  lime- 
water.  Accordingly  fome  experiments  were  made,  to  deter- 
mine what  degree  of  purity  the  air  fhould  be  of,  in  order 
to  be  diminifhed  moft  readily  and  to  the  greateft  degree  ;  and 
it  was  found,  that  when  good  dephlogifticated  air  was  ufed, 
the  diminution  was  but  fmall ;  when  perfeftly  phlogifticated 
air  was  ufed,  no  fenfible  diminution  took  place;  but  when 
4  fiv-c 
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£ve  parts  of  pure  dephlogifticated  air  were  mixed  with  three 
parts  of  common  air,  almoft  the  whole  of  the  air  was  made 
to  difappear.  It  mufl  be  confidered,  that  common  air  con- 
fifts  of  one  part  of  dephlogifticated  air,  mixed  with  four  of 
phlogifticated;  fo  that  a  mixture  of  five  parts  of  pure  de- 
phlogifticated air,  and  three  of  common  air,  is  the  fame 
tiling  as  a  mixture  of  feven  parts  of  dephlogifticated  air  with 
three  of  phlogifticated. 

Having  made  thefe  previous  trials,  introduce  into  the  tube 
a  little  foap-lees,  and  then  let  up  fome  dephlogifticated  and 
common  air,  mixed  in  the  above-mentioned  proportionSj 
which  rifmg  to  the  top  of  the  tube  M,  divided  the  foap-lees 
into  it's  two  legs,  as  faft  as  the  air  was  diminifhed  by  the 
electric  fpark  ;  continue  adding  more  of  the  fame  kind,  till 
no  further  diminution  takes  place;  after  which,  a  little 
pure  dephlogifticated  air,  and  after  that  a  little  common  air, 
were  added,  in  order  to  fee  whether  the  ceftation  of  diminu- 
tion was  not  owing  to  fome  imperfeftion  in  the  proportion 
of  the  two  kinds  of  air  to .  each  other,  but  without  effeft. 
The  foap-lees  being  then  poured  out  of  the  tube,  and  fepara- 
ted  from  the  quickfilver,  feemed  to  be  perfeftly  neutralized, 
as  they  did  not  at  all  difcolour  paper,  tinged  with  the  juice 
of  blue  flowers.  Being  evaporated  to  drynefs,  they  left  a 
fmall  quantity  of  fait,  which  was  evidendy  nitre,  as  appear- 
ed by  the  manner  in  which  paper,  impregnated  with  a  folu- 
tion  of  it,  burned. 

For  more  fatisfaftion,  he  tried  this  experiment  over  again, 
on  a  larger  fcale.  About  five  times  the  former  quantity  of 
foap-lees  were  now  let  up  into  a  tube  of  a  larger  bore  ;  and  a 
mixture  of  dephlogifticated  and  common  air,  in  the  fame 
proportions  as  before,  being  introduced  by  the  apparatus  re- 
prefented  in  fig.  9,  the  fpark  was  continued  till  no  more  air 
could  be  made  to  difappear.  The  liquor,  when  poured  out  of 
the  tube,  fmelled  evidendy  of  phlogifticated  nitrous  acid. 

1  This 


Ixxxiv       SUPPLEMENT. 

This  fait  was  found,  by  the  manner  in  which  paper,  dipped 
into  a  folution  of  it,  burned,  to  be  true  nitre.  It  appeared,  by 
the  tefl  of  terra  ponderofa  falita,  to  contain  not  more  vitri- 
olic acid  than  the  foap-lees  themfelves  contained,  which  was 
CxcefTively  little  ;  and  there  is  no  reafon  to  think,  that  any 
other  acid  entered  into  it,  except  the  nitrous. 

A  circumftance,  however,  occurred,  which  at  firft  feemed 
to  fhew,   that  this  fait  contained  fomc  marine  acid  ;  namely, 
an  evident  precipitation  took  place,  when  a  folution  of  fil- 
ver  was  added  to  fome  of  it  diffolved  in  water  ;  though  the 
foap-lees  ufed  in  it's  formation  were  perfeftly  free  from  ma- 
rine acid,   and  though,  to  prevent  all  danger  of  anv  precipi- 
tate being  formed  by  an  excefs  of  alkali  in  it,    fome  purified 
nitrous  acid    had  been  added  to  it,    previous  lo  the  addition 
of  the   folution  of  filver.     On  confideration,  however,  he 
fufpefted,  that  this  precipitation  might  arife  from  the  nitrous 
acid  in  it  being  phlogiflicated  ;    and  therefore  tried,  whether 
nitre,  much  phlogiflicated,  would  precipitate  filver  from  it's 
folution.     For  this  purpofe,  he   expofed  fome  nitre  to  the 
fire,   in  an  earthen  retort,   till  it  had  yielded  a  good  deal  of 
d-ephlogiflicated  air:  and  then  having  diffolved  it  in  water, 
and  added  to  it  fome  well  purified  fpirit  of  nitre,   till  it  was 
fenfibly  acid,  in  order  to  be  certain  that  the  alkali  did  not 
predominate,    he   dropped  into  it   fume   folution  of  filver, 
which  immediately  made   a  very  copious  precipitate.     This 
folution,  however,    being  deprived  of  fome  of  it's  phlo- 
gidon  by  evaporation  to  drynefs,  and  expofure  for  a    few 
weeks  to   the  air,    loft,  the  property  of  precipitating  filver 
from  it's  folution  \   a  proof  that  this  property  depended  only 
on  it's  phlogiftication,   and   not  on  it's  having  abforbed  fea 
fait  from  the  retort,   or  by  any  other  means. 

Hence  it  is  certain,  that  nitre,  when  much  phlogifticated, 
is  capable  of  making  a  precipitate  with  a  folution  of  filver; 
and  therefore  there  is  no  reafon  to  think,  that  the  precipitate, 

whick 
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which  our  fait  occafioned  with  a  folutlon  offilver,  pro- 
ceeded from  any  other  caufe  than  that  of  it's  being  phlo- 
gifticated  ;  efpecially  as  it  appeared  by  the  fmell,  both  on  firft 
taking  it  out  of  the  tube,  and  on  the  addition  of  the  fpirit 
of  nitre,  previous  to  dropping  in  the  folution  of  filver,  that 
the  acid  in  it  was  much  phlogifticated.  This  property  of 
phlogifticated  nitre  is  worth  the  attention  of  chemifts ;  as 
otherwife  they  may  fometimes  be  led  into  miftakes,  in  in- 
vefligating  the  prefence  of  marine  acid  by  a  folution  of  liiver. 

In  a  former  paper  Mr.  Cavendifli  has  afferted,  that  when 
nitre  is  detonated  with  charcoal,  the  acid  is  converted  into 
phlogifticated  air ;  that  is,  into  a  fubftance  which,  as  far 
as  he  could  perceive,  poifefles  all  the  properties  oF  the 
phlogifticated  air  of  our  atmofphere  :  from  which  he  con- 
cluded, that  phlogifticated  air  is  nothing  elfe  than  nitrous 
acid  united  to  phlogifton.  According  to  this  conclufion, 
phlogifticated  air  ought  to  be  reduced  to  nitrous  acid  by 
being  deprived  of  it's  phlogifton  ;  but  as  dephlogifticated 
air  is  only  water  deprived  of  phlogifton,  it  is  plain,  that 
adding  dephlogifticated  air  to  a  body,  is  equivalent  to  de- 
priving it  of  phlogifton,  and  adding  water  to  it;  and  there- 
fore phlogifticated  air  ought  alfo  to  be  reduced  to  nitrous 
acid,  by  being  made  to  unite  to,  or  form  a  chemical  com- 
bination with  dephlogifticated  air;  only  the  acid  formed 
this  way  will  be  more  dilute,  than  if  the  phlogifticated  air 
was  fimply  deprived  of  phlogifton. 

This  being  premifcd,  we  may  fafely  conclude,  that  in 
the  prefent  experiments  the  phlogifticated  air  was  enabled, 
by  means  of  the  ele£frical  Ipark,  to  unite  to,  or  form  a  che- 
mical combination  with  the  dephlogifticated  air,  and  was 
thereby  reduced  to  nitrous  acid,  which  united  to  the  foap- 
lees,  and  formed  a  folution  of  nitre  ;  for  in  thefe  experi- 
ments thofc  two  airs  aftually  difappeared,  and  nitrous  acid 
was  aftually  formed  in  their  room  ;  and  as,  moreover,  it 
6  has 
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has  juft  been  fhewn,  from  other  circumftances,  that 
phlogiflicated  air  muft  form  nitrous  acid  when  combined 
with  dephlogifticated  air,  the  above-mentioned  opinion 
feems  to  be  fufiiciently  eflablifhed.  A  further  confirmation 
of  it  is,  that  as  far  as  we  can  perceive,  no  diminution  of 
air  is  produced  when  the  ele£lric  fpark  is  pafTed,  cither 
through  pure  dephlogifticated  air,  or  through  perfeftly 
phlogiflicated  air  ;  which  indicates  the  neceffity  of  a  com- 
bination of  thefe  two  airs  to  produce  the  acid.  Moreover, 
it  was  found  in  the  lafl  experiment,  that  the  quantity  of 
nitre  procured,  was  the  fame  that  the  foap-lees  would  have 
produced,  if  faturated  with  nitrous  acid  ;  which  fhews, 
that  the  produftion  of  the  nitre  was  not  owing  to  any  d*- 
fiompolition  of  the  foap-less. 
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CHAP.     I, 

Ok  Electricity   in    general. 

IT  mud  appear  furprifing  to  every  fearcher 
after  truth,  that  qledricity,  which  is  now 
allowed  to  be  one  of  the  principal  agents  em- 
ployed in  producing  the  phaenomena  of  nature, 
fhould  have  remained  fo  long  in  obfcurity ;  for, 
comparatively  fpeaking,  it's  e;Kiftence  was  not 
known  to  the  ancients.  They  were  not,  indeed, 
altogether  ignorant  of  the  peculiar  properties  of 
thofe  bodies  that  we  now  term  eledlrics  per  se  ; 
peverthelefs  their  knowledge  was  circumfcribed, 
being  confined  to  the  obfervation  only  of  thofe 

B  phaenomena 
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pbaenomena  which  nature  prefented  to  their 
fenfes,  in  the  ordinary  courfe  of  her  operations  ; 
hence  near  two  thoufand  years  elapfed,  before 
any  addition  was  made  to  the  httle  which  was 
known  to  Theophraftus,  and  this  branch  of 
natural  hiftory  remained  uncultivated,  till  the 
happy  period  arrived,  when  the  philofopher  was 
emancipated  from  the  chains  of  hypothetic  rea- 
foning,  and  the  uncertainties  of  vague  conjec- 
ture. 

The  exiilence  of  this  fubtle,  and  in  moft  cafes 
invifible,  power,  was  then  traced,  and  many  of 
it's  properties  developed ;  it's  agency  was  dif- 
covered  to  be  univerfai,  and  it's  extent  unli- 
mited. 

Eledricity  has  been  dignified  in  a  pecuhar 
manner,  by  engaging  the  attention  of  the  philo- 
fophic  hiftorian ;  who,  by  delineating  the  gra- 
dual progrefs  of  it's  difcoveries,  dcfcribing  the 
different  theories  which  have  been  invented  to 
account  for  it's  effec^ls,  and  pointing  out  the 
DESIDERATA  which  ftill  remain  to  be  explored, 
has  contributed,  in  a  high  degree,  to  enlarge  the 
boundaries  of  eleiflricity,  and  to  increafe  the 
number  of  thofe  who  cultivate  it. 

Since  the  publication  of  Dr.  Prieftley's  hif- 
tory, the  eledrical  apparatus  has  been  coniider- 
ably    augmented,  and  many  new  experiments 

have 
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have  been  made.  To  defcribe  the  one,  and  to 
arrange  the  other,  under  fuch  heads  as  will  point 
out  the  connection  between  the  experiments  and 
the  received  theory  of  eledricity,  was  one  of  the 
principal  views  I  had  in  compoiing  this  eflay. 
I  alfo  wiihed  to  put  into  the  hands  of  my  cuf- 
tomers  a  trad,  which  might  enable  them  to  ufe, 
with  eafe  and  fatisfadlion,  the  eledrical  machines 
and  apparatus  which  I  recommend. 

As  eledtricity  is  in  it's  infancy,  when  confider- 
ed  as  a  fcience,  it's  definitions  and  axioms  can- 
not be  ftated  with  geometric  accuracy.  I  fhall 
endeavour  to  avoid,  as  much  as  poffible,  the  ufe 
of  poiitive  expreffion,  in  order  to  invite  th^ 
reader  to  examine  the  experiments  himfelf,  to 
compare  them  one  with  another,  and  then  draw 
his  own  concluiions ;  beginning  with  thofe  ex« 
periments  which  v/ere  the  foundation  of  the  pre- 
fent  ftate  of  eledricity,  and  which  gave  rife  to 
the  principal  technical  terms  made  ufe  of  in  this 
fcience. 

Experiment  i. — Rub  a  dry  glafs  tube  with 
a  piece  of  dry  ill k,  prefent  light  bodies,  as  fea- 
thers, pith  balls,  Src.  to  it,  they  will  be  at- 
traced,  and  then  repelled.  A  piece  of  black  or 
oiled  lilk,  on  which  a  little  amalgam  has  been 
placed,  makes  the  bell  rubber  for  a  fmooth  glafs 

B  2  tubes 
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tube :  foft  new  flannel  fucceeds  well  with  fealing 
wax. 

Experiment  ii.— Rub  a  dry  ftick  of  fealing 
wax,  it  will  firft  attradl  and  afterwards  repel 
thofe  light  bodies  that  are  brought  near  to  it. 

The  fridion  in  the  two  preceding  experiments 
has  put  in  ad:ion  an  agent,  or  power,  which  at- 
trads  and  repels  light  bodies;  this  power  is  cal- 
led ELECTRICITY. 

A  certain  quantity  or  natural  fharc  of  the  elec- 
tric fluid,  is  fuppofed  to  be  diffeminated  in  all 
bodies,  in  which  flate  it  makes  no  impreflion  on 
our  fenfes ;  but  when,  by  the  powers  of  nature 
or  art,  this  equilibrium  is  deftroyed,  and  the 
agency  of  the  fluid  is  rendered  vifible  to  the 
fenfes,  then  thofe  effedls  are  produced  which  we 
term  eleBrical,  and  the  body  is  faid  to  be  elec- 
trified. 

Any  fubflance,  that  is  made  by  fridlion  to 
exhibit  eledric  appearances,  is  faid  to  be  ex- 
cited. 

Amber,  filk,  jet,  dry  wood,  and  a  variety  of 
other  fubftances,  being  excited,  attradl  and 
repel  light  bodies ;  thefe  are  called  electrics. 
Such  fubftances,  as  metals,  water,  &c.  the  fric- 
tion of  which  will  not  produce  this  power  of 
2  .  attradion 
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attraftion  and  repulfion,  are  called  non-elec- 
trics. 

When  the  excited  glafs  tube,  or  ftick  of  feal- 
ing  wax,  is  in  good  order,  and  the  particles  of 
eledlricity  are  fufficiently  united  to  a6l  on  the 
organs  of  vifion ;  pencils  of  light  will  dart 
from  the  tube  in  a  beautiful  manner,  and  a 
fnapping  noife  will  be  heard  -on  the  approach  of 
any  condudlon 

Eledricity  is  often  excited  by  other  caufes  as 
well  as  frid:ion.  Thus  it  may  be  produced  by 
heating  or  cooling  of  fome  fubilances,  by  blow- 
ing of  air  violently  on  a  body,  &e.  nay,  it  is 
probable,  that  whatever  removes  the  ftratum  of 
air  from  the  furfaceofany  body,  or  influences 
the  coheiion  of  it's  parts,  will  diilurb  the  eledlric 
fluid. 

The  difcharge  of  large  cannon,  and  the 
blowing  up  of  powder  magazines,  has  been 
known  to  elecflrify  glafs  windows. 

Experiment  hi. — Let  a  metallic  cylinder 
be  placed  upon  lilk  lines,  or  upon  glafs,  bring 
an  excited  elecR:ric  near  to  it,  and  every  part  of 
the  metallic  cylinder  will  attrad  and  repel  light 
feodies,  as  forcibly  as  the  excited  eledric  itfelf. 

Experiment 
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Experiment  iv. — Support  a  dry  glafs  rod  on 
filk  lines,  or  by  glafs,  bring  an  excited  eledlric 
near  it,  and  no  attradion  or  repulfion  will  take 
place ;  becaufe  the  electricity  cannot  be  tranf- 
mitted  through  it. 

From  thefe  experiments  is  deduced  the  diilinc- 
tion  between  thofe  bodies  which  produce  the 
eie6lric  fluid  and  thofe  which  do  not. 

Thofe  bodies  which  polfefs  the  power  of  tranf- 
mitting  elecftricity,  are  called  conductors  and 

NON-ELECTRlCS. 

Thofe  fubilances,  which  are  impervious  to 
eled:ricity,     are    called    non- conductors,    or 

ELECTRICS. 

A  body  which  communicates  with  nothing 
but  eledrics,  is  faid  to  be  insulated. 

If  all  fubftances  pofleifed  an  equal  power  of 
retaining  or  parting  with  the  eledric  fluid,  the 
greater  part  of  it's  phsenomena  would  have  re- 
mained  unknown  to  us ;  but,  as  it  palTes  readily 
only  over  the  furface  of  fome  fubftances,  while 
others  reiifl  it's  pa{rage,or  are  nearly  impern^eable 
to  it,  we  are  enabled  to  accumulate,  condenfe, 
and  retain  it  on  the  laft,  and  thus  fubjed  it 
eaiily  to  the  teft  of  experiment. 

From  the  third  and  fourth  experiments  w^e 
learn,  that  excited  eledrics  will  communicate 
ihc  ekaric    powers  to  conduding  fubftances 

/  which 
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which  are  infulated,  that  thefe  will  then  attradl 
and  repel  light  bodies,  &c.  fimilar  to  the  elec- 
tric itfelf ;  with  this  diiference  only,  that  a  con- 
ductor, which  has  received  eledricity,  parts 
with  it  at  once,  when  it  is  touched  by  another 
conducftor  that  communicates  with  the  earth ; 
whereas  the  excited  eledlric,  under  the  fame 
circumftances,  only  lofes  it's  eledlricity  partially. 

Experiment  v. — Eledrify,  with  excited  glass 
or  SEALING  WAX,  two  infulatcd  cork  balls,  fuf- 
pended  by  lines  about  fix  inches  long,  and  the 
balls  will  feparate  from  and  repel  'each  other. 

Experiment  vi. — ^Eledlrlfy  one  ball  with 
GLASS,  the  OTHER  with  SEALING  WAX,  and  they 
will  be  mutually  attradled. 

Thefe  two  oppoiite  and  remarkably  difiincfl 
cfFefts  in  the  attradive  and  repulfive  powers  of 
eledricity,  whereby  one  attradls  what  the  other. 
repels,  were  difcovered  at  an  early  period  of  the 
hiftory  of  this  fcience. 

The  eledlric  power  produced  by  the  excitation 
ofglafs,  is  called  POSITIVE  ELECTRICITY,  and  the 
power  produced  by  the  excitation  of  fealing  wax 
is  called  negative  electricity.  This  differ- 
ence was  at  firft  thought  to  depend  on  the  eledlric, 
and  it  was  then  fuppofed  that  the  two  kinds  of 

eledricities 


tS  AnEssayon 

eledricities  were  eflentially  diftinft;  but  it  is 
now  known^  that  each  of  thefe  powers  may  be 
produced  from  the  excitation  of  either  glafs  or 
fealing  wax. 

Eledricians  have  been  engaged,  by  the  dif- 
covery  of  the  two  foregoing  diftindlions,  to  ex- 
amine the  eledtric  properties  of  moft  bodies,  to 
afcertain  whether  they  pofTefTed  the  poiitive  or 
negative  powers ;  by  this  means  the  catalogue 
of  eleftrics  has  been  confiderably  increafed,  and 
it  was  foon  found  that  every  fubftance,  we  were 
acquainted  with,  had  more  or  lefs  affinity  with 
theeledlric  fluid.* 

Catalogue  of  Conducting    Substances. 

I.  Stony  Suhjlances. 

( 
Stony    fubftances    in    general  condu£l   very 

'Well,  though  dry  and  warm. 

Lime-ftone  and  lime  juft  burnt  are  equally 
imperfe6l  condu6lors.  ^^^ 

Marbles  condudl  confiderably  better  lian 
free-ftone,  and  there  is  found  very  little  differ- 
ence 

*  See  Dr.  Prieftley's  Hiftory.  Cavallo  on  Ele6lricity. 
Marat.  Recherches  fur  Teleftricite, 
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^nct  among  any  of  the  fpecimens   of  marble 
that  have  been  tried. 

A  large  piece  of  white  fpar  with  a  tinge  of 
blue  and  femi-tranfparent,  will  hardly  conduct 
in  the  lead  degree  :  pretty  ftrong  fparks  may  be 
taken  from  the  prime  condudlor^  while  it  is  in 
contact  with  it. 

A  piece  of  agate,  femi-pel lucid,  receives  the 
electric  fpark  into  it's  fubftance  ;  though  it  will 
pafs  over  about  three  quarters  of  an  inch  of  it's 
furface  to  reach  the  finger  that  holds  it,  and  it 
difcharges  the  battery  but  flowly. 

A  piece  of  flate,  fuch  as  is  commonly  ufed  to 
write  on,  is  a  much  better  condu6lor  than  a 
piece  of  free-ftone,  which  conducts  but  poorlVo 

Touch-ftone  conducts  pretty  well. 

A  piece  of  gypfum  and  plafter  of  Paris  con-* 
duds  very  well,  only  the  latter  having  a  fmaother 
furface  takes  a  ftronger  fpark. 

A  piece  of  afbeft  from  Scotland,  jufl:  as  it  is 
taken  from  it's  bed,  will  not  conduct.  While 
in  contact  with  the  conductor,  fparks  may  be 
taken  at  the  diftance  of  half  an  inch  with  a  mo- 
derate electrification. 

A  piece  of  Spanifh  chalk  conduds  much  like 
marble. 

A  piece  of  Egyptian  granite  conduds  confi- 
derably  better  than  free-ftone* 

C  2.  Saline 
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2.  Saline  Bodies, 

Oil  of  vitriol  conduds  very  well. 

The  metallic  falts  in  general  conduct  better 
than  any  neutrals. 

Vitriol  of  copper  and  of  iron  conducfl  very 
Wffll,  though  they  will  not  tranfmit  a  Ihock. 
/  Vitriolated  tartar  gives  a  fmall  fhock. 
jfv  Salt-petre  does  not  condud:  fo  well  as  fal-am- 
moniac.  If  the  eledric  explofion  pafles  over 
it's  furface,  it  difperfes  into  a  great  number  of 
fragments,  in  all  diredions,  with  conliderable 
violence. 

Volatile  fal-ammoniac  gives  a  fmall  fhock. 

Rock-falt  conduds,  but  not  quite  fo  well  as 

allum ;  the  eledric  fpark  upon  it  is  peculiarly 

red. 

Sal-ammoniac  exceeds  rock-falt  and  allum  in 

it's  condu6ling  powers,  but  will  not  take  the  lead 

feniible  fpark ;  fo  that  it  feems  made  up  of  an 

infinite  number  of  the  iineft  points. 

Salenitic  falts  condu6l  but  poorly. 

By  allum  the  exploiion  is  attended  with  a 
peculiar  hiffing  noife,  like  that  of  a  fquib. 

3.  Inflammahle  Bodies. 

A  piece  of  pyrites,  of  a  black  colour,  takes 

2  fparks 
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fparks  at  a  confiderable  diflance  from  the  prime 
condudor,  like  fome  of  the  inferior  pieces  of 
charcoal. 

Another  piece  of  pyrites,  which  has  been  part, 
of  a  regular  fphere,  confifling  of  a  fhining  me- 
tallic matter,  will  not  condud  near  fo  well, 
though  much  better  than  any  other  ftony  fub- 
flance.  It  is  a  medium  betwixt  a  Hone  and  an 
ore. 

Black-lead  in  a  pencil  conduds  a  fhock  feem- 
ingly  like  metal  or  charcoal.  A  fmall  lump  of 
it  takes  as  full  and  flrong  a  fpark  from  the 
prime  conductor  as  a  brafs  knob, 

4.  Metals  and  Ores, 

A  piece  of  gold  ore  from  Mexico  is  hardly  to 
be  diftinguifhed  in  this  refped:  from  the  metal 
itfelf. 

A  piece  of  iilver  ore  from  Potofi,  though 
mixed  with  pyrites,  condudls  very  w^ll. 

Two  pieces  of  copper  ore,  one  the  moft  va- 
luable that  is  known,  and  another  of  only  half 
the  value,  are  hardly  to  be  diftinguiilied  from 
one  another  in  their  condudling  powers. 

Lapis-haematites  conducts  pretty  well. 

Black-fand  from  the  coaft  of  Africa,  which 
is  a  good  iron  ore,  and  part  of  Vv  hich  is  affected 

C  2  by 
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by  the  magnet  as  much  as  fleel  filings,  is  found 
to  conducfl  eledricity,  but  not  a  fhock.  Sepa-e 
rating  with  the  magnet  all  that  will  be  eafily 
attracted  by  it,  it  condudls  a  fhock  very  well : 
the  reft  would  hardly  condu61:  at  all. 

The  ores  in  which  the  metal  is  mineralized 
with  fulphur  or  arfenic,  as  the  ores  of  lead, 
tin,  and  cinnabar,  the  ore  of  quickfilver,  are 
little  inferior  to  gold  and  filver  ore. 

Ores  that  contain  nothing  but  the  earth  of 
the  metal,  condud:  eledricity  little  better  than 
Gther  ftones. 

Lead,  tin,  iron,  brafs,  copper,  filver,  and 
gold. 

5.   Fluids, 

The  fluids  of  an  animal  body. 

^11  fluids,   excepting  air  and  oils. 

Fluids  appear,  in  general,  to  be  better  con-^ 
dudors  in  proportion  as  they  contain  lefs  in- 
flammable matter. 

Mr.  Cavcndifh  has  fhewn,  that  iron  wire 
Gonduds  about  four  hundred  millions  of  times 
better  than  rain  or  diflilled  water ;  i.  e.  the 
eledricity  meets  with  no  more  reflflance,  in 
pafling  through  a  piece  of  iron  wire  four  hundred 
fDillion  inches  long,  than  through  a  column  of 

watei^ 
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water  of  the  fame  diameter  only  one  inch  long. 

Sea  water,  or  a  folution  of  one  part  of  fait 
in  thirty  of  water,  conducfts  an  hundred  times, 
and  a  faturated  folution  of  fea  fait  feven  hundred 
and  twenty  times  better  than  rain  water. 

The  effluvia  of  flaming  bodies. 

Snow,  fmoke,  the  vapour  of  hot  water,  the 
vacuum  produced  by  an  air  pump,"  charcoal^ 
&c.  ' 

Electric    Bodies. 

Amber,  jet,  pitch,  and  fulphur  ;  likewife  all 
the  precious  ftones,  as  diamonds,  rubies,  gar- 
nets, topazes,  hyacinths,  chryfolites,  emeralds, 
fapphires,  amethyfts,  opals,  and  efpecially  tour- 
malins ;  all  relins  and  refinous  compounds,  wax, 
iilk,  cotton ;  all  dry  animal  fubftances,  as  fea- 
thers, wool,  hair,  paper,  &c.  White  fugar, 
air,  oil,  chocolate,  calxes  of  metals,  dry  vegeta- 
bles, &c. 

I  do  not  know  whether  it  is  altogether  proper 
to  add  to  this  lift  of  electrics,  the  Torpedo  and 
Surinam  Eel,  living  eledrics,  whofe  eledtricity 
is  put  in  adlion  by  the  will  of  the  animal. 

The  real  and  intrinfic  difference  between 
eledlrics  and  non-ele61rics,  remain  among  the 
ele6lric  defiderata ;  for  nothing  more  is  afcer- 

tained. 
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tained,  than  that  the  conducing  power,  in 
fome  meadire,  depends  upon,  or  is  governed  by, 
heat.  Glais,  reiin,  and  many  other  articles,  are 
made  condudors  by  heat  ;  v/hile  on  the  contra- 
ry, cold,  if  not  attended  with  moiilure,  renders 
every  eledric  fubflance  more  eledric. 

Mr.    Achard,   of   Berlin,   has  publifhed,    in 
Rozier's  Journal  de  Phyiique,  a  very  ingenious 
paper  on  this  fubjedl ;  in  which  he  proves,  by 
experiment,    ift.    That    certain   circumftances 
will  caufe  a  body  to  condudl  elevflricity,  which 
before  was  a  non-condu6lor.     2d,   That  thefc 
circumftances  are  the  degrees  of  heat  to  which 
this  body  is  fubjecled.     He  endeavours  to  fliew, 
that  the  principal  changes  which  take  place  in 
any  fubflance  from  an  increafe  of  heat,  are  an 
augmentation  in  the  fize  of  it's  pores,  and  an 
increafe  of  velocity  in  the  igneous  particles  con- 
tained in,  and  aQing  on,  that  body.     He  then 
proves,  that  the  laft  circumflance  does  not  oc- 
caiion  the  alteration  in  the  eledlric  properties ; 
and  infers,  agreeable  to  the  fyftem  of  Mr.  Euler, 
that  the  principal  difference  between  condudlors 
and  non -conductors  of  electricity  confifts  in  the 
fize  of  the  pores  .of  the  conftituent  parts  of  the 
body. 


A  List 
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A   List  of   Electric  Substances  and 

OF       THE      DIFFERENT        ELECTRICITIES 

/■ 

PRODUCED    BY    THEM. 

The  back  of  a  cat    Pof.tive  /^r?  !"^'^'"'"  ^'*  "'^'^'^ 

.      It  has  been  hitherto  tried. 

f  Every      fubftance      hitherto 
Smooth  glafs  Pofitive  ^'    tried,    except    the  back   ©f 

I    a  cat. 

r  iDry     oiled     filk,      fulphur, 

I   P^^^^^^^     \    metals. 

Rough  glafs    J  >,,,    1,        t    7         Ml 

®    °  ^,  C  Woollen  cloth,  quills,  wood, 

I  Negative     <    paper,     fealing-wax,    white 

L  ^    wax,  the  human  hand. . 

r 

Tourmalin      \    ^°'''"^"     Amber,  air.* 

I    Negative  Diamond,  human  hand, 

L 

r  r  Metals,    filk,   loadflone,  lea- 

TT      ,    0  .        J     Pcfitive    <    ther,  theh  and,  paper,  baked 
Hare's  ikm    -<  i  \ 

J  /  wood. 

\_  Negative       Other  finer  furs. 

r  .  f  Black     filk,     metals,    black 

Pofitive      \     1    . 
White  filk    J  i    cloth. 

"     I    Negative    (  Paper,  hand,    hair,    weafeFs 
L        "^  C    ikin. 

*  i.  e.  By  blowing  with  a  pair  of  bellows  upon  it.    By 

this  means  many  eletlrics  may  be  excited,  and  fome  better 

if  the  air  blown  is  hot,  although,  in  both  cafes,  very  littie 

electricity  can  be  obtained. 

Black 
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Black  filk 


"ilk     ) 


Pofitive         Sealing  wax. 


Negative 


Pofi-tive 
Sealing  wax  ^  Negative 


Baked  wood 


Hare's,  weafel's,  and  ferret's 
fldnsj  loadftone,  brafs,  filver, 
iron,   the  hand, 

Metals. 

Hare's,  weafel's,  and  ferret's 
fkins,  hand,  leather,  woollen 
cloth,  paper. 


Pohtive      Silk. 
Negative     Flannel, 


Many  circumflanccs,  apparently  trifling,  will 
occafion  an  alteration  in  thefe  contrary  eledrici- 
ties.  It  has  been  faid,  that  of  two  equal  fub- 
ftances  rubbed  together,  that  which  fuffers  the 
greatell  fridlion,  or  is  moll  heated,  acquires  the 
negative  eledricity.  Though  this  in  many  cafes 
holds  true,  with  refpeft  to  filk  ribbons,  yet 
Mr.  Bergman  fays,  that  if  the  ribbon  A  be  black, 
it  will  never  become  pofitive,  unlefs  B  be  black 
likcwife.  With  pieces  of  glafs  the  eifedt  is  con- 
trary ;  for,  if  they  are  both  equal,  the  piece  A, 
which  is  drawn  acrofs  the  piece  B,  becomes 
negative ;  and  B,  which  fuffers  the  greateft 
friction,  becomes  pofitive.  Heating  by  fire 
produces  the  fame  efFedl  as  the  greater  fridiion. 
If  one  piece  of  glafs  be  thicker  than  the  other, 
the  former  becomes  pofitive,  the  latter  negative. 

Coloured 


Electricity.  25 

Coloured  glafs,  even  when  heated,  becomes 
negative,  if  rubbed  with  common  white  glafs. 
If  a  piece  of  blue  glafs  is  rubbed  againll  a  green 
one,  the  blue  glafs  becomes  ftrongly  politive, 
&c. Bergman,  Swedifh  Tran.    1765. 

The  eledlricities  produced  by  hair  and  glafs 
rubbed  together  feem  to  bal lance  each  other,  and 
are  therefore  different  according  to  the  manner 
of  rubbing  and  the  quality  of  the  hair. 

Hair  of  a  living  animal,  or  hair  newly  cut, 
when  rubbed  with  a  glafs  tube  lengthways,  is 
pofitive  ;  and  here,  the  glafs,  which  fuffers  the 
greatefl  fridlion,  is  negative.  But  if  the  glafs 
tube  be  drawn  acrofs  the  animal's  back,  or 
acrofs  a  Ikain  of  hair  newly  cut,  the  glafs  be- 
comes pofitive.  Old  dry  hair,  rubbed  on  glafs 
or  on  living  hair,  always  becomes  negative  ;  but 
if  the  hair  is  a  little  greafed  with  tallow,  the 
fame  effecft  is  produced  as  with  living  hair. 
Wilke  Swed.  Tran.  1769. 

Eledrics  differ  from  each  other  with  refpe^fl 
to  the  facility  with  which  they  are  excited,  their 
force  when  excited,  and  the  power  with  which 
they  retain  the  effects  of  the  excitation. 

Silk  feems  preferable  to  any  other  ele8;ric 
fubftance,  for  exhibiting  a  permanent  and  ftrong 
jittradive  and  repulfive  power, 

D  Glafs. 
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Glafs  appears  to  have  the  advantage  in  exhi- 
biting the  electric  light,  attradion,  and  repulfion 
in  quick  fucceffion,  in  a  very  vigorous,  though 
not  a  durable  manner. 

Negative  eleclrics,  as  amber,  gum-lac,  ful- 
phur,  refin,  and  all  reiinous  fubllances,  exhibit 
the  eleclric  appearances  for  the  greateft  length 
of  time.  A  iingle  excitation  is  fufficient  to 
make  them  do  fo  for  many  weeks,  in  favourable 
circumflances.  They  are  alfo  remarkable  for 
the  ilrong  eledlric  powers  which  they  communis 
cate  to  conducing  bodies  that  come  in  contadl 
with  them,  and  which  they  will  continue  to 
communicate  for  a  coniiderable  time. 

It  may  be  proper  to  obferve  here,  that  the 
two  claiTes  of  elecftrics  and  non-eleClrics  are  not 
fo  ftrongly  marked  by  nature  as  to  enable  the 
eleclric ian  to  arrange  every  fubflance  with  pro- 
priety :  hence  the  fame  fubftance  has  been 
placed  by  different  writers  in  a  different  clafs. 
Befides  this,  the  eledric  properties  of  the  fame 
fubflance  vary  on  a  change  of  circumflances ; 
thus  a  piece  of  green  wood  is  a  conductor  ;  the 
fame  piece,  after  it  has  been  baked,  becomes  a 
non-condudor ;  charred  and  formed  into  char- 
coal, it  again  conduces  the  eledric  fluid;  but 
when   reduced   to    afiies,  is  impervious  to  it. 

2  But 
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But  further,  the  diftindlions  themfelves  are  very 
inaccurate,  fiiice  every  fubftance  is  in  a  certain 
degree  a  condudor  of  this  fluid,  though  fomc 
refift  it's  paiTage  more  than  others. 


D  2  CHAP. 
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CHAP.      IL 

Of  the  Electrical  Machine;  with  Direc- 
tions FOR  EXCITING  IT. 

As  foon  as  the  propertiesof  eledlricity  were 
in  fome  mcafure  developed,  the  philofo* 
pher  and  the  artift  concurred  in  contriving  and 
executing  a  variety  of  machines  to  excite  and 
accumulate  this  extraordinary  agent.  Thci 
greater  part  of  thefe  have  been  laid  afide,  in 
proportion  as  the  fcience  advanced,  and  it's 
boundaries  were  extended.  1  fhall,  therefore, 
only  defcribe  that  eledlrical  machine  which  is 
now  in  general  ufe,  whofe  conftrudion  is  limple, 
and  well  adapted  to  produce  the  eledlric  fluid 
in  great  quantities,  and  tranfmit  it  in  full  and 
continued  dreams  to  the  prime  condudor. 

That  the  operator  may  fucceed  in  producing 
this  effedl,  I  fhall  firft  enumerate  thole  parts  of 
the  machine  which  require  moft  attention ;  then 
defcribe  the  machine  itfelf,  and  afterwards  give 
inftrudions  to  enable  him  to  excite  it  power- 
fully. 

The  following  are  the  parts  of  an  eledrical 
machine,  which  fall  more  immediately  under 
the  care  of  the  eleSrician. 

i.  The 
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1.  The  eledric,  which  is  to'  be  excited,  as 
the  glafs  cylinder. 

2.  The  mechanical  contrivances  by  which  the 
eleclric  is  put  in  motion. 

3.  The  cufhion  and  it's  appendages. 

4.  The  condudor  or  conducftors. 

Fig.  I  and  2,  plate  I.  reprefent  two  ele&ical 
machines  made  on  the  moil  approved  conflruc- 
tion.  They  are  both  mounted  and  ufed  in  the 
fame  manner,  and  differ  only  in  the  mechanifm 
by  which  the  cylinder  is  put  in  motion. 

The  cylinder  of  the  machine,  fig.  2.  is  turned 
round  by  means  of  the  two  wheels  ab,  cd, 
which  ad:  on  each  other  by  a  catgut  band,  part 
of  which  is  feen  at  e  and  f. 

The  cylinder  of  the  machine,  which  is  repre- 
fented  in  fig.  i,  is  put  in  motion  by  a  limple 
winch,  which  is  lefs  complicated  than  the  multi- 
plying wheel,  and  therefore  not  fo  liable  to  be 
out  of  order.  *  Moft  pradlical  eledlricians,^ 
however,  prefer  a  machine  which  is  moved  by  a 
multiplying  wheel,  as  it  fatigues  the  operator 
lefs  than  that  which  is  moved  by  a  iimple  winch ; 
while  at  the  fame  time  a  moderate  increafe  of 

velocity 

*  I  have  lately  improved  the  machines  made  with  a  mul- 
tiplying wheel,  rendered  them  more  durable,  and  not  more 
liable  to  be  put  out  of  order  than  thofe  which  turn  onlv 
with  a  winch. 
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velocity  in  the  cylinder  augments  the  momentum 
of  the  eledlric  fluid,  and  produces  a  greater 
quantity  of  it  in  the  fame  time,  and  thus  pre- 
vents it's  being  abforbed  by  the  cuihion.  And 
further,  when  the  machine  is  fixed  to  a  table, 
the  pofition  of  the  lower  multiplying  wheel  is 
more  advantageous  to  the  operator,  giving  him  a 
greater  power  over  the  cylinder  and  fatiguing 
him  lefs ;  it  may  alfo  be  turned  with  the  right 
hand,  which  cannot  be  done  conveniently  with 
the  other.  * 

As  the  two  machines,  which  are  reprefented 
in  fig.  I  and  2,  plate  I.  are  nearly  Umilar,  the 
fame  letters  of  reference  are  ufed  in  defcribing 
them. 

Fig.  I  and  2.  A  B  C  reprefent  the  bottom 
board  of  the  machine. 

D  and  E,  the  two  perpendicular  fupports, 
which  fuftain  or  carry  the  glafs  cylinder  F  G 
HI. 

The  axis  of  the  cap  K  palTes  through  the  fup- 
port  D ;  on  the  extremity  of  this  axis  either  a 
Umple  winch  is  fitted,  as  in  fig.  i,  or  a  pulley,  as 
in  fig.  2. 

The  axis  of  the  other  cap  runs  in  a  fmall  hole 
which  is  made  in  the  top  of  the  fupport  E, 

OP  Is 

*  It  may  be  proper  to  remark,  that  thofe  with  a  fimple 
winch  arc  cheaper  than  thofc  with  a  multiplying  wheel. 
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O  P  is  the  glafs  pillar  to  which  the  cufhion 
is  fixed,  T  a  brafs  fcrew  at  the  bottom  of  this 
pillar,  which  is  to  regulate  the  prelTure  of  the 
cufliion  againft  the  cylinder.  This  adjufting 
fcrew  is  peculiarly  advantageous.  By  it  the  ope- 
rator is  enabled  to  lelTen  or  increafe  gradually 
the  preffure  of  the  culhion,  which  it  effedls  in  a 
much  neater  manner  than  it  is  poflible  to  do  when 
the  infulating  pillar  is  fixed  on  a  fliding-board,  a 
method  that  difgraces  the  maker. 

g  h  i  A  piece  of  filk  that  comes  from  the 
under  edge  of  the  cufbion,  and  lies  on  the 
cylinder,  palling  between  it  and  the  cufhion,  till 
it  nearly  meets  the  colledling  points  of  the  con- 
ductor. 

On  the  top  of  the  pillar  O  P  is  a  condudlor, 
which  is  connefted  with  the  cufhion,  which  is 
called  the  negative  condudor.  In  both  figures 
this  conductor  is  fuppofed  to  be  fixed  clofe  to  the 
cufhion,  and  to  lie  parallel  to  the  glafs  cylinder. 
In  fig.  T,  it  is  brought  forwards,  or  placed  too 
near  the  handle,  in  order  that  more  of  it  may  be 
in  fight,  as  at  R  S ;  in  fig.  2,  the  end  R  S  only 
is  feen. 

Y  Z,  Fig.  I  and  2,  reprefents  the  pofitive 
prime  conductor,  or  that  which  takes  the  elec- 
tric fluid  immediately  from  the  cylinder,  L  M 
the  glafs  pillar  by  which  it  is  fupported  and 

infulatcd. 
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infulated,  and  V  X  a  wooden  foot  or  bafe  for 
the  glafs  pillar.  In  fig.  i,  this  condudor  is 
placed  in  a  diredlion  parallel  (which  is  the  beft 
poiition)  to  the  glafs  cylinder ;  in  fig.  2,  it  (lands 
at  right  angles  to  the  cylinder  ;  it  may  be  placed 
in  either  pofition  occafionally,  as  is  mofi:  conve- 
nient to  the  operator.  In  general,  eledlrical  ma- 
chines are  fold  with  a  fingle  conductor ;  though 
there  are  many  experiments  where  two-  are  con- 
venient, and  from  fome  improvements  I  have 
lately  made  in  the  apparatus,  they  are  rendered 
exceeding  proper  for  experimental  inquiries. 

Directions  for  keeping    the  Machine   in 

Order. 

Before  the  eledlrical  machine  is  put  in  mo- 
tion, examine  thofe  parts  which  are  liable  to 
wear  either  from  the  fridlion  of  one  furface 
againft  another,  or  to  be  injured  by  the  dirt,  that 
xn^y  inlinuate  itfelf  between  the  rubbing  furfaces : 
fuch  as  the  axes  which  work  in  the  wooden  fup- 
ports  D  E,  and  the  axis  of  the  large  wheel  c  d, 
%  2. 

If  any  grating  or  difagreeable  noife  is  heard, 
the  place  from  whence  it  proceeds  muft  be  dir^ 
covered,  wiped  clean,  and  rubbed  over  with  a 
fmall  quantity  of  tallow :  a  little  fweet  oil   or 

tallow 
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tallow  fhould  alfo  be  occalionally  applied  to  the 
axis  of  the  cylinder. 

The  fcrews  that  belong  to  the  frame  fhould 
be  examined,  and  if  they  are  loofe,  they  fliould  be 
tightened. 

The  different  working  parts  of  the  machine 
having  been  looked  into,  and  put  in  order,  the 
glafs  cylinder,  and  the  pillars  which  fupport  the 
cufhion  and  conductor,  fhould  be  carefully  wiped, 
to  free  them  from  the  moiflure  which  glafs  at- 
tracts from  the  air,  being  particularly  attentive 
to  leave  no  moifture  on  the  ends  of  the  cylinder, 
as  any  damp  on  thefe  parts  carries  off  the  elec- 
tric fluid,  and  leffens  the  force  of  the  machine. 

Glafs  pillars  have  been  fometimes  ufed  to  fup- 
port  the  cylinder,  but  they  can  be  of  no  ufe, 
unlefs  the  foregoing  circumftance  is  conftantly 
attended  to;  and  if  that  is  obferved,  they  are  fu- 
perfluous. 

Take  care  that  no  dud,  loofe  threads,  or  fila- 
ments adhere  to  the  cylinder,  it's  frame,  the  con- 
dudlors,  or  their  infulating  pillars  5  becaufe  thefe 
will  gradually  diflipace  the  eledlric  fluid,  and  pre- 
vent the  machine  from  acfting  powerfully. 

Rub  the  glafs  cylinder  firft  with  a  clean,  coarfe, 
dry,  warm  cloth,  or  a  piece  of  wafti  leather,  and 
then  with  a  piece  of  dry,  warm,  foft  filk  j  do 
the  fame  to  all  the  glafs  infulating  pillars  of  the 

E  machine 
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machine  and  apparatus ;  tbefe  pillars  mud:  be 
rubbed  more  lightly  than  the  cylinder,  becaufe 
they  are  varnifhed. 

A  hot  iron  may  in  Tome  cafes  be  placed  on  the 
foot  of  the  conductor,  to  evaporate  the  moiflure 
which  would  otherwife  injure  the  experiments. 

Of  the  Circumstances  necessary  to  be  at- 
tended TO,  IN  Order  to  excite  a  large 
Quantity  of   the  Electric  Fluid. 

In  order  to  find  out  an  effedliial  mode  of  ex- 
citing powerfully  an  eledrical  machine,  it  is  ne- 
ceiTary  to  frame  fome  idea  of  the  mechanifm  by 
which  the  cylinder  extradis  the  eledlric  fluid  from 
the  cufliion,  and  thofe  bodies  which  are  con- 
nedted  with  it;  I  have,  therefore,  fubjoined  thofc 
conjeftures  on  which  I  have  worked,  and  by 
which  I  have  been  able  to  excite,  in  the  moft 
powerful  manner,  the  machines  which  have 
pafTed  through  my  hands. 

It  appears  to  me,  that  the  refillance  of  the  air 
is  lelTened,  or  a  kind  of  vacuum  is  produced, 
where  the  cuftiion  is  in  clofc  contacft  with  the  cy- 
linder ;  that  the  eledlric  matter,  agreeable  to  the 
law  obferved  by  all  other  elaflic  fluids,  is  prefled 
towards  that  part  where  it  finds  leaft  refifl:ance ; 
the  fame  infl:ant,  therefore,  that  the  cylinder  is 

feparated 
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feparated  from  the  cufhion,  the  fire  iflues  forth  in 
abundance,  becaufe  the  refinance  made  to  it  by 
the  adion  of  the  atmofphere  is  lefTened  at  that 
part ;  a  further  circumftance  is  alfo  to  be  taken 
into  this  hypothefis,  namely,  the  efFedl  which  arifes 
from  the  deftrudion  of  the  attraftion  or  cohefion 
between  the  cylinder  and  cufhion.  The  more 
perfe6l  the  continuity  is  made,  and  the  quicker 
the  folution  of  it,  the  greater  is  the  quantity 
which  will  proceed  from  the  cufhion.  But,  as 
the  fluid  in  this  fituation  will  enter  with  avidity 
every  conducfling  fubftance  that  is  near  it,  if  any 
amalgam  lies  above  that  part  of  the  cufhion 
which  is  in  contad:  with  the  cylinder,  it  will  ab- 
forb  and  carry  back  part  of  the  eledlric  fire  to  the 
refervoir  from  whence  it  was  extradled. 

If  thefe  conje8ures  be  true,  to  excite  an  elec- 
trical machine  effedlually,  we  mufi:, 

I  ft.  Find  out  thofe  parts  of  the  cufhion  which 
are  prefTed  by  the  glafs  cylinder. 

2d,  Apply  the  amalgam  only  to  thofe  parts. 

3d,  Make  the  line  of  contad:  between  the 
cylinder  and  cufhion  as  pcrfed  as  pofTible. 

4th,  Prevent  the  fire  that  is  colledled  from 
efcaping. 

About  the  year  1772,  I  applied  a  loofe  flap 
of  leather  to  the  front  of  the  cufhion ;  the  amal- 
gam was   fpread  over   the  whole  of  the  flap  ; 

E  2  the 


g6  An     Essay     on 

the  cufhion  was  then  put  in  it's  place,  and  the 
loofe  flap  of  leather  doubled  down,  or  rather 
turned  in,  more  or  lefs,  till  by  fucceffive  expe- 
riments that  fituation  was  difcovered  which  pro-* 
duced  the  greatefl  effed;  for,  by  this  means, 
the  quantity  of  amalgam  ading  againfl:  the 
cylinder  was  lefTened,  and  the  true  line  of  con- 
tadl  in  fome  meafure  afcertained.  Hence  I  was 
naturally  led  to  contract  the  breadth  of  the 
cufhion,  and  afterwards  to  place  it  in  fuch  a 
manner  that  it  might  be  eafily  raifed  or  lowered. 

To  find  the  line  of  contad:  formed  between 
the  cylinder  and  cufhion,  place  a  line  of  whit- 
ing, which  has  been  previoufly  difTolved  in  fpirits 
of  wine,  on  the  cylinder^  on  turning  this  round, 
the  whiting  is  depofited  on  the  cufhion,  and 
marks  thofe  parts  of  it  which  bear  or  rub  againfl 
the  cylinder.  The  amalgam  is  to  be  put  on 
thofe  parts  only,  which  are  thus  marked  by  the 
whiting  :  this  line  may  alfo  be  afcertained,  by 
obferving  the  parts  of  the  cufhion  which  gather 
the  duft  from  the  cylinder,  and  laying  the 
amalgam  only  on  thofe  parts. 

The  line  of  contadl  being  found,  and  the 
amalgam  placed  on  it,  the  cylinder  is  to  be 
rubbed  with  a  piece  of  leather  which  is  cover- 
ed with  amalgam,  which  will  render  the  con- 
tad  between   the  cylinder   and  cufhion  more 
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perfeft,  becaufe  it  fills  the  fmaller  pores  of  the 
glafs  with  amalgam,  anddepofitsthe  fuperfluous 
particles  on  the  cuftiion  ;  it  is  alfo  probable  that 
the  amalgam,  thus  depofited  on  the  furface  of 
the  glafs,  forms  a  continued  feries  of  conducing 
particles,  which  carry  the  fire  to  the  prime  con- 
du6lor,  and  will  confequently,  under  certain  cir- 
cumflances,  carry  it  back  again  to  the  cufhion. 
When  the  cylinder  is  rubbed  with  the  amalga- 
mated leather,  that  part  of  the  oil,  or  black  filk, 
which  lies  above  the  cufhion,  is  to  be  turned 
back,  and  if,  by  accident,  any  particles  of  amal- 
gam ftick  to  it,  they  mufl:  be  wiped  off  carefully. 
If  the  machine  has  not  been  ufed  for  fome  time, 
it  will  be  proper  to  place  it,  for  a  few  minutes, 
before  a  fire,  and  to  take  off  the  cufhion  and  dry 
the  filk  thereof 

If  the  eledlricity  of  the  cylinder  grows  lefs 
powerful,  it  is  eafily  renewed  by  turning  back  the 
filk  which  lies  over  it,  and  then  rubbing  the 
cylinder  with  the  amalgamated  leather,  or  by 
occafionally  altering  the  prefTure  of  the  adjufling 
fcrew. 

A  very  fmall  quantity  of  tallow  placed  over 
the  amalgam,  is  obferved  to  give  more  force  to 
theeledlric  powers  of  the  cylinder;  the  fame  end 
is  anfwered  by  rubbing  the  cylinder  with  a 
coarfe  cloth  that  has  been  greafed  a  litde,  and 
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afterwards  wiping  the    cylinder   with    a   clean 
cloth. 


Experiment  vii. — -When  the  cylinder  is  put 
into  good  action,  a  number  of  circular  lines  of 
fire  will  iiTue  from  the  cufhion  ;  prefent  a  row  of 
metallic  points  towards  thefe,  and  they  will  dif- 
appear.  This  experiment  fhews,  the  conducing 
fubHance  collecfls  the  eleQric  fluid  before  it  can 
take  thofe  appearances,  or  be  diffipated  into  the 
air. 

Hence  we  learn,  that  to  prevent  a  lofs  of  the 
eledlric  fluid  which  is  excited,  we  mufl:  prevent 
the  air  from  a6ling  on  the  fluid,  which  is  put  in 
motion  by  the  excitation ;  becaufe  the  air  not 
only  rcflfts  the  emiflion  of  the  fluid,  but  alfo 
diffipates  what  is  colledled  on  account  of  the  con- 
ducing fubftances,  which  are  continually  floating 
in  it. 

Thefe  ends  are  efFecflually  anfwered  by  letting 
a  non-condudling  fubflance,  as  a  piece  of  black 
or  oiled  filk,  proceed  from  the  line  of  contadt  to 
the  colleding  points  of  the  prime  conducftor,  and 
placing  thefe  points  within  it's  atmofphere.  The 
ftreams  of  fire,  which  proceed  from  the  cufhion 
over  the  cylinder,  fhew  whether  the  culhion 
bears  uniformly  againft  the  cylinder;  for  they  are 
moft  copious  and  denfe  at  thofe  parts  where  the 
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prelTure  is  greateft,  but  are  uniformly  denfe,  when 
the  prefTure  is  equable. 

When  the  zinc  amalgam  is  ufed,  the  filk  will 
fometimes  adhere  fo  ftrongly  to  the  cylinder  as 
to  render  it  very  difficult  to  turn  ;  to  obviate  this, 
wipe  the  iilk  perfedlly  clean,  and  then  rub  it  over 
with  a  very  fmall  quantity  of  aurum  mulivumj  or 
a  little  whiting. 

The  operator  ought  not  to  think  his  machine 
in  good  order  till  it  pours  forth  the  fire  in  great 
abundance,  and  ftrong  denfe  fparks  are  obtained 
in  quick  fucceilion  from  the  condudor.  When 
the  condudlor  is  removed,  the  fire  fhould  fparkle 
round  the  cyUnder,  and  throw  out  many  beauti- 
ful bruihes  of  light. 

Two  kinds  of  amalgam  are  much  in  requefl 
at  prefent.  One  is  made  of  quickfilver  five 
parts,  zinc  one  part,  which  are  melted  together 
with  a  fmall  quantity  of  bees-wax :  the  other  is 
the  aurum  mufivum  of  the  fhops.  I  find  it  diffi- 
cult, after  many  trials,  to  fay  which  of  thefe  a6t 
the  befl.  To  make  either  amalgam  adhere  clofely 
to  the  filk,  it  is  neceffary  to  greafe  it,  wipe  off  the 
fuperfiuous  greafe,  and  then  fpread  the  amalgam. 

The  following  experiment  illuflrates  and  con- 
firms the  foregoing  conjecflures  on  the  mechanifm 
by  which  the  fluid  is  extracted  from  the  cufhion, 
and  thofe  bodies  which  are  conneded  with  it. 

ExpE. 
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Experiment  VIII. — Break  a  flick  of  fealing  wax 
in  two  pieces ;  thofc  extremities  that  were  con- 
tiguous will  be  found  eledtrified  with  contrary 
powers ;  one  will  be  pofitively,  the  other  nega- 
tively,  eledtrified. 

Experiment  ix. — Put  the  machine  in  a6lion, 
connevfl  the  cufiiion  by  a  chain  with  the  ground, 
and  thofe  bodies  which  communicate  with  the 
pofitive  conduclor  will  be  eledtrified  pofitively, 
Connecl  the  pofitive  conduclor  with  the  earth  by 
a  chain,  take  off  the  chain  from  the  cufhion,  and 
thofe  bodies  which  communicate  with  the  cufhion 
or  negative  conductor  will  be  eledtrified  nega- 
tively. 

Experiment  x. — Connedl  the  pofitive  con-, 
dudlor  by  a  chain  with  the  table ;  turn  the  cylin- 
der, and  the  cufhion  will  be  found  to  be  nega- 
tively ele6frified.  Take  the  chain  off  from  the 
pofitive  conduclor,  and  both  will  exhibit  figns 
of  eledlricity ;  but  any  eleQrified  body,  which  is 
attra6fed  by  the  one,  will  be  repelled  by  the  other. 
If  they  are  brought  fufficiently  near  to  each  other, 
fparks  will  pafs  between  them,  and  they  will  adl 
on  each  other  ftronger  than  on  any  other  bodies. 
If  they  are  connecled  together,  the  eledlricity  of 
the  one  will  deflroy  that  of  the  other;  for  though 
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the  fiit  feems  to  proceed  from  the  cufhion  to  the 
condudlor,  the  two,  when  thus  conjoined,  will 
exhibit  no  %ns  of  eledlricity,  becaufe  the  fire  is 
continually  circulating  from  one  to  the  other,  and 
is  therefore  kept  always  in  the  fame  (late. 

We  fee,  by  this  experiment,  that  eledlric  ap- 
pearances are  produced  both  in  the  eledlric  which 
is  excited,  and  the  fubftance  by  which  it  is  ex- 
cited, provided  that  fubftance  be  infulated ;  but 
their  eledric  powers  are  diredlly  reverfe  of  each 
other,  and  may  be  diftinguilhed  by  oppofite 
efFeds,^ 

Experiment  xi. — Ifthecuihion  andthecon- 
du6lor  are  both  infulated,  it  is  obferved,  that  the 
lefs  eledric  fluid  is  obtained,  the  more  perfed: 
the  infulation  is  made. 

The  moifture  which  is  at  all  times  floating  in 
the  air,  together  with  the  fmall  points,  from 
which  it  is  impoflible  totally  to  free  the  cufhion, 
do  not  permit  it  to  be  perfeftly  infulated,  fo  as 
to  afford  no  fupply  of  eledric  matter  to  the 
cufhion. 

If  the  air,  and  other  parts  of  the  apparatus,  are 
very  dry,  little  or  no  eledlricity  will  be  produced 
in  the  above-mentioned  circumftances. 

From  this  experiment  it  is  inferred,  that  the 
dcdrk  powers  do  not  exifl  in  the  eledrics  them- 
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felves,  but  are  produced  from  the  earth  by  the 
excitation  of  eledincs  ;  or  that  the  eleclric  matter 
on  the  prime  condu6lor  is  not  produced  by  the 
fri6lion  of  the  cyhnder  againft  thecufhion,  but  is 
coUedled  by  that  operation  from  it,  and  from 
thofe  bodies  which  are  connected  with  it. 

As  Dr.  FrankUn  feems  to  have  fuggefted  this 
idea  hrft  that  the  eleBric  fluid  is  colle6led  from 
the  earth,  I  have  fubjoined  his  own  account  of  the 
experiment  which  led  him  to  this  conclufion. 

Experiment  xii. — Let  one  perfon  fland  on 
wax  (or  be  infulated)  and  rub  aglafs  tube,  and  let 
another  perfon  on  wax  take  the  fire  from  the  firft, 
they  v^^ill  both  of  them  (provided  they  do  not  (land 
fo  near  as  to  touch  each  other)  appear  to  be 
elcdrified  to  a  perfon  (landing  on  the  floor ;  that 
is,  he  will  perceive  a  fpark  on  approaching 
either  of  them  with  his  knuckle. 

2.  But  if  the  perfons  on  wax  touch  one  another 
during  the  excitation  of  the  tube,  neither  of  them 
will  appear  to  be  eledirified. 

3.  If  they  touch  one  another  after  the  exciting 
the  tube,  and  draw  the  fire  as  aforefaid,  there  will 
be  a  ftronger  fpark  between  them,  than  was  be- 
tween either  of  them  and  the  perfon  on  the 
floor. 
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4.  After  fuch  a  flrong  fpark  neither  of  them 
difcover  any  electricity. 

Thefe  appearances  he  accounts  for  thus :  he 
fuppoies  the  electric  fire  is  a  common  elem.ent, 
of  which  each  of  the  three  perfons  has  his  equal 
Ihare  before  any  operation  is  begun  with  the 
tube.  '' 

A,  who  flands  upon  wax  and  rubs  the  tube, 
collevfls  the  eledlrical  fire  from  himfelf  into  the 
glafs,  and  his  communication  with  the  commor\ 
flock  being  cut  off  by  the  wax,  his  body  is  not 
again  immediately  fupphed. 

B,  who  alfo,  Hands  upon  wax,  paffing  his 
knuckle  along  the  tube,  receives  the  fire  which 
was  colled:ed  from  A,  and  being  infulated  he 
retains  this  additional  quantity. 

To  C  both  appear  eledlrified ;  for  he,  having 
only  the  middle  quantity  of  eledcricalfire,  receives 
a  fpark  on  approaching  B,  who  has  an  over  quan- 
tity, but  gives  one  to  A,  who  has  an  under 
quantity. 

If  A  and  B  approach  to  touch  each  other,  the 
fpark  is  ftronger,  becaufe  the  difference  between 
them  is  greater.  After  this  touch  there  is  no  fpark 
between  either  of  them  and  C,  becaufe  the 
eledrical  fluid  in  all  is  reduced  to  the  original 
equality.  If  they  touch  v^^hile  eiedlrifying,  the 
equality    is   never  defiroyed,    the   fire  is   only 
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circulating :  hence  we  fay,  that  B  is  eledrified 
pofitively,  A  negatively. 

As  thofe  experiments  have  been  defcribed, 
which  are  the  foundation  of  our  prefent  know- 
ledge in  eledricity,  I  hope  it  will  not  be  deenied 
improper  to  introduce  in  this  place  thofe  hypo- 
thefes  which  have  been  built  on  them. 

Dr.  Franklin's  hypothelis  depends  on,  ancj 
maybe  reduced  to,  the  following  principles. 

1.  That  the  atmofphere  and  all  terreftrial 
fubftances  are  full  of  eledlric  matter. 

2.  That  the  operations  of  eledlricity  depend 
on  one  fluid  sui  generis,  extremely  fubtle  and 
elaftic. 

3 .  Glafs  and  other  electric  fub fiances,  though 
they  contain  a  great  deal  of  electric  matter,  are 

IMPERMEABLE  tO  it. 

4.  That  the  eledric  matter  violently  repels 
itfelf,  and  attradls  all  other  matter. 

5.  That  conducing  fubftances  are  permeable 
to  the  ele6lric  matter  through  their  whole  fub- 
ftance,  and  do  not  conduQ;  merely  over  theii: 
furface. 

6.  Pofitive  eledlficity  is  when  a  body  has 
more  than  it's  natural  fhare  of  the  electric 
fluid,  and  negative  eledlricity  when  it  has  lefs 
than  it's  natural  fhare. 
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The  following  hypothefis  is  extra^fled  from 
the  analyfis  bf  a  courfe  of  ie6lures  by  Mr. 
At  wood,  to  which,  and  Mr.  Eeles's  philofo- 
phical  eflays,  I  mud  refer  the  reader  for  a  fuller 
ai:count  of  i.t  ,•  in  the  courfe  of  this  ellay  many 
obfervations  will  occur,  which  tend  to  confirm 
this,  and  refute  the  foregoing  hypothefis, 

HYPOTHESIS, 

1.  That  two  ekclric  powers  exift  together 
in  all  bodies. 

2.  Since  they  coimteradl  each  other  When 
united,  they  can  be  made  evident  to  the  fenf^ 
only  by  their  feparation. 

3.  The  two  powers  are  feparated  in  non- 
eleftrics  by  the  excitation  of  eledlrics,  or  by 
the  applicatiot>  of  excited  eled:rics. 

4.  The  powers  cannot  be  feparated  in  cleftric 
fubflances. 

5.   The   two    eledricities   attract    each  other 
ftrongly  through  the  fubflance  of  eledlrics. 

6.  Eleilric  fubftances  are  impervious  to  the 
two  eledricities.  ^ 

7-  Either  power,  when  applied  to  an  unelec- 
trified  body,  repels  the  power  of  the  fame  fort, 
and  attrads  the  contrary  power, 
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A  Description  of  some  Parts  of  the  Electric 
Apparatus,  v/hich  could  not  be  regularly 
introduced  in  the  body  of  the  work. 

Fig.  I,  plate  II.  reprefents  a  common  difcharg- 
ingrod  ;  it  is  generally  made  of  brafs  wire,  with 
a  ball  at  each  of  it's  ends.  To  difcharge  a  Leyden 
bottle  with  it,  hold  the  femicircular  part  in  the 
hand,  place  one  ball  of  the  difcharging  rod  on  the 
coating  of  the  phial,  then  bring  the  other  to 
touch  the  knob  of  the  wire  which  communicates 
with  the  infide,  when  an  explofion  will  enfue, 
and  the  phial  will  be  difcharged. 

Fig.  2,  plate  II.  is  a  jointed  difcharging  rod 
with  a  glafs  handle,  the  legs  of  which  may  be 
moved,  and  fet  to  any  given  diftance  from  each 
other  by  means  of  the  joint  C ;  the  extremities 
of  the  legs  are  pointed,  the  points  enter-into 
the  balls  a,  b,  which  fcrew  on  the  legs,  and 
from  which  they  may  be  unfcrewed  at  pleafure ; 
fo  that  either  the  balls  or  the  points  may  be  ufed 
as  cccalion  requires. 

Fig.  3,  plate  II.  reprefents  the  univerfal  dif-^ 
charger  ;  an  inftrumiCnt  v;hich  is  of  very  exten- 
five  ufe  in  forming  communications  to  direcl  or 
convey  the  electric  fhock  through  any  part  of  a 
given  fubftance.  Many  examples  of  the  utility 
of  this  infcrument  will  occur  in  thecourfeofthis 
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efTay.  When  the  univerfal  difcharger  is  made  on 
a  large  fcale,  it  is  a  convenient  apparatus  to  enable 
a  perfon  to  ele6lrify  himfelf ;  fee  fig.  87. 

A  B.  fig.  3,  is  the  bafe  of  the  univerfal  dif- 
charger ;  on  this  are  fixed  two  perpendicular  glais 
pillars  C,  D ,-  on  the  top  of  each  of  thefe  is 
cemented  a  brafs  cap,  to  which  is  fixed  a  double 
joint,  or  one  which  has  both  a  vertical  and  hori- 
zontal motion ;  on  the  top  of  each  joint  is  a  fpring 
tube  which  receives  the  wires  E  T,  E  F  ;  thefc 
wires  may  be  fet  at  various  diflances  from  each 
other,  and  turned  in  any  direcflion  ;  the  extre- 
mities of  the  wires  are  pointed,  the  points  are 
covered  occafionally  by  the  brafs  balls,  which  are 
made  to  fit  on  the  wires  by  fpring  fockets :  G  H 
is  a  fmall  wooden  table,  on  the  furface  of  which 
a  flip  of  ivory  is  inlaid  ;  this  table  is  furnifhed 
with  a  cylindrical  flem,  which  fits  into  a  cavity 
of  the  pillar  I ;  it  may  be  raifed  occafionally  to 
various  heights,  and  fixed  at  any  one  of  them  by 

the  fcrew  K. 

Fig.  4,  plate  II.  is  a  little  wooden  prefs,  fur- 
nifhed with  a  ftem,  which  fits  the  cavity  in  the 
pillar  I,  fig.  3,  into  which  it  is  to  be  placed 
occafionally,  when  the  table  G  H  is  removed. 
The  prefs  confifls  of  two  boards,  which  are 
brought  clofe  to  each  other  by  means  of  the 
fcrews  a  a. 

Fig- 
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Fig.  5,  plate  II.  is  Mr.  Kinnerdey's  elec- 
trical air  thermometer ;  a  b  is  a  glafs  tube,  on 
each  end  of  which  a  brafs  cap  is  cemented  ;  c  d 
is  a  friiall  glafs  tube,  open  at  both  ends,  which 
pafles  through  the  upper,  and  defcends  nearly  to 
the  under  plate  :  a  box  fcale,  which  is  divided 
into  inches  and  tenths  of  inches,  is  fitted  to  the 
upper  part  of  this  tube;  g  is  a  brafs  wire  with  a 
ball  on  it,  which  is  fcrewed  to  the  under  plate^ 
a  limilar  wire  f  h  is  made  to  pafs  through  a  collar 
of  leathers  on  the  upper  plate,  and  may  be  placed 
at  any  convenient  di fiance  from  the  lower  wire. 

Eledlricians  have  long  wifhed  for  an  inftru- 
ment  which  would  afcertain,  in  an  exa6t  and 
invariable  manner,  the  degree  of  eledlricity 
excited  when  any  experiment  is  made.  For  this 
purpofe  a  great  many  contrivances  have  been 
propofed  and  executed,  which,  upon  trial,  are 
all  found  to  be  very  defective. 

An  eledlrometer  ought  to  have  the  following 
properties, 

1.  It  fhould  be limple  in  it's  conftruQion,  and 
not  compofed  of  many  parts. 

2.  It  fhould  not  be  effefled  by  the  variations 
of  the  atmofphere. 

3.  It  fhould  indicate  fmall  as  well  as  large 
degrees  of  eledricity. 

A*.  Not 
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4.  Not  to  be  adjufled  to  any  fixed  mea- 
furc. 

5,.  The  elecflric  power  fhould  be  exprefled 
by  a  fixed  and  invariable  force,  as  that  of 
gravity. 

6.  That  the  obferver  be  enabled  to  read  off 
the  divifions  at  a  diflance,  which  will  prevent 
his  weakening  the  influence  of  the  eledric 
powers. 

Plate  II.  fig.  6,  reprefents  the  quadrant 
eledromecer,  the  mofl  ufeful  inflrument  of  the 
kind  yet  difcovered,  as  well  for  meafuring 
the  degree  of  eledricity  of  any  body,  as  to 
afcertain  the  quantity  of  a  charge  before  an  ex- 
plofion  ;  and  to  difcover  the  exa6l  time  the 
eledricity  of  a  jar  changes,  when  without  making 
an  explofion,  it  is  difcharged  by  giving  it  a 
quantity  of  the  contrary  eledtricity.  The  pillar 
L  M  is  generally  made  of  wood,  the  graduated 
arch  NOP  of  ivory,  the  rod  R  S  is  made  of  very 
light  wood^  with  a  pith  ball  at  the  extremity ; 
it  turns  upon  the  center  of  the  femicircle,  fo  as 
always  to  keep  near  it's  furface  ;  the  extremity 
of  the  Item  L  M  may  either  be  fitted  to  the 
conductor  or  the  knob  of  a  jar.  When  the  ap- 
paratus is  eledrified,  the  rod  is  repelled  by  the 
ilem,  and  moves  along  the  graduated  arch  of  the 
femicirGle,  fo  as  to  mark  the  degree  to  which 

G  the 
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the    condudlor   is  eleftrified,  or  the  height  to 
which  the  charge  of  the  jar  is  advanced. 

Beccana  recommends  fixing  the  index  between 
two  femicircles,  becaufe  when  it  is  placed  over 
one  only,  the  electricity  of  this  repels  and  coun-- 
teracfts  the  motion  of  the  itidex.  Other  improve- 
ments and  variations  haVe  been  made  in  this 
inftrument,  which  will  be  defcribed  hereafter. 

Plate  II.  fig.  9,  is  an  ele8;rometer  which 
was  contrived  many  years  fince  by  Mr.  Townfend, 
to  afcertain  the  real  force  of  the  eledric  explofion. 
a  b  is  a  fmall  ivory  plate,  c  a  loofe  cone  of  ivory 
to  be  placed  on  the  plate  a  b,  e  f  g,  a  circle  which 
turns  freely  on  two  centres,  an  arm,  d,  of  wood 
proceeds  from  this  circle  and  lies  on  the  cone  of 
ivory.  The  difcharge  is  made  to  pafs  under  the 
cone  which  throws  up  the  arm  d,  the  elevation 
of  which  is  marked  by  the  index  h  ;  a  piece  of 
filk  firing  is  fixed  at  one  end  to  the  bottom  board 
at  i,  and  pafles  over  the  wheel ;  a  weight  k  is  tied 
to  the  other  end  to  regulate  the  fricflion  of  the 
circle  e  fg. 

Fig.  8  is  an  infulating  fiool ;  the  feet  are  of 
glafs.  When  it  is  ufed,  the  infulation  will  be 
rendered  more  perfedl  by  placing  a  fneet  of  pa-^ 
per  wpl!  dried  under  the  feet  of  the  ftool. 
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CHAR     III.      . 

The  Properties  of  Electric  Attraction  and 
Repulsion,  illustrated  by  Experiments  on 
LIGHT  Bodies. 

NATURAL  philofophers  were  originally 
incited  to  confider  the  nature  of  eledricity 
from  it's  ftrong  attractive  and  repulfive  powers. 
The  phasnomena  exhibited  by  thofe  myllerious 
properties  are  ib  various  and  fo  pleafing,  that 
they  were  led,  as  by  enchantment,  to  purfue  the 
fubjedl ;  and  have  been  richly  rewarded  by  the 
difcoveries,  which  are  both  interefting  and 
important. 

The  powers  of  genius  have  been  exerted  with 
indullrious  ardour  to  inveftigate  the  caufes  of 
thofe  properties ;  but  they  are  dill  involved  in 
deep  obfcurity,  and  we  are  ftill  totally  ignorant 
of  that  mechanifm  by  which  light  bodies,  when 
electrified,  approach  to  or  recede  from  each  other. 

To  enter  into  a  difcuffion  of  the  difficulties  * 
which  perplex  this  fubjed,  would  lead  me  too 

G  2  far 

*   ''  Qui  pourroit  concevoir  qu'un  corps  agit  ou  il  rCtJh 
*'*  pas  j,  fans  aucun  intermcde  ?  Deux  particuks  de  matiere 

<*  fo»t 
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far  from  the  defign  of  this  eilay  ;  I  ftiall,  there- 
fore, proceed  to  Hate  thofe  general  properties^ 
or  modes  of  adiion,  which  are  obferved  in  electric 
attracftion  and  repuliion,  and  then  defcribe  the 
experiments  from  which  thofe  properties  have 
been  deduced,  or  by  which  they  are  illuftrated. 

General  Properties  of  Electrical  Attrac- 
tion AND   Repulsion. 

i.  The  eledric  fluid,  when  in  action,  difpofes 
or  places  light  bodies  in  fuch  manner  as  will  befl 
facilitate  it's  tranfmiffion  through  them,  with  the 
greatefl  velocity  ;  and  this  in  proportion  to  the 
gravity  of  the  body,  it's  conducSling  power,  and 
the  flate  of  the  air. 

2.   Bodies  that  are  eleftrified  politively  repel 
each  other. 

3.  Bodies  eleBrified  negatively  repel  each 
other. 

4.  Bodies  eledlrilied  by  contrary  powers 
attra6l  each  other  ftrongly. 

5.  Bodies  that  are  eledrified,  attraft  thofe 
fubftances  which  are  not  eledtrified. 

6.  Thofe 

"  font  a  cent  milles  lieues,  ou  a  cent  miJIiemes  parties  d'un 
"  ligne  de  difhance  l"un  de  1'  autre,  fans  aucune  communi- 
*•  cation  materielle  entrelles,  et  a  Tocaiion  de  I'une  I'autre 
«•' fe  mouvroit  !  ! "'   De  Lug.     Lettres  Phyfic^ueSj  Sec, 
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6.  Thofe  fubflances  that  are  brought  within  the 
influence  of  eledrified  bodies,  become  poffeiTed  of 
a  contrary  eledricity ;  or  elevStrified  fubflances, 
without  parting  with  their  own  cledricity,  a(5t 
upon  other  bodies  in  their  neighbourhood,  pro- 
ducing in  them  an  eledricity  which  is  contrary 
to  their  own  ;  or  bodies  which  are  immerged  in 
an  eledric  atmofphere  always  become  polTefled 
of  an  eledricity  contrary  to  that  of  the  body  in 
whofe  atmofphere  they  are  immerged. 

The  experiments  defcribed  in  this  chapter  are 
fimple,  eaiily  performed,  and  certain  in  their 
refults ;  and,  though  they  may  at  firft  light 
appear  to  be  trifling,  yet,  on  an  attentive  exami- 
nation, they  will  be  found  of  coniiderable  import- 
ance, as  they  afford  a  clue  to  iliveftigate  and 
explain  a  variety  of  eledlric  phaenomena,  and 
exhibit,  in  a  fl:rong  point  of  view,  fome  of  the 
contrary  effeds  of  negative  and  poiitive  elec- 
tricity. 

Thefe  experiments  may  all  be  made  with  a 
fmall  and  portable  apparatus ;  confifl:ing  generally 
of  two  brafs  tubes,  as  A  and  B,  fig.  22  ;  each  of 
thefe  is  fupported  on  a  glafs  pillar  G,  which 
fcrews  into  a  wooden  foot  H  ;  a  pair  of  fmall  pith 
balls  fufpended  on  linen  threads,  as  I,  K,  fit 
upon  each  tube  by  means  of  a  fmall  brafs  ring; 
thefe  tubes,  with  a  piece  of  fcaling-wax  or  a  glafs 

tube. 


54 


Aii     £SSAY      OK 


tube,  are  fufficient  to  illuftrate  the  greater  part 
of  the  experiments  in  this  chapter,  as  well  as 
fomeof  the  principal  ph^enomena  in  eledlricity. 

The  apparatus  will  be  rendered  more  complete, 
when  it  coniifts  of  four  brafs  tubes  with  their 
Hands. 

Mr.  Wilfon,  in  a  maflerly  trad  on  this  fub- 
je^,  entitled,  *'  A  (liort  View  of  Eledricity," 
has,  with  a  fimilar  apparatus,  explained  and 
illuftrated  all  it's  general  principles. 

Experiment  xiii. — Touch  a  pairofinfulated 
pith  balls  with  an  excited  glafs  tube,  they  will 
become  elecftrified,  and  will  feparate  from  each 
other ;  the  balls  are  ele6lrified  politively,  and  are 
therefore  attracted  by  excited  wax,  and  repelled 
by  excited  glafs. 

As  thofe  light  fubflances,  which  poiTefs  the 
fame  elec^lric  power,  repel  each  other ;  we  can 
eafily  difcover  whether  they  are  eledrified  pofi- 
lively  or  negatively,  by  prefentingan  excited  ftick 
of  fealing-wax  or  glafs  to  them.  If  they  are  at- 
traded  by  the  glafs  they  are  negatively,  if  repelled 
by  it  they  are  pofitively  elediriiied  ;  on  the  con- 
trary^ if  repelled  by  the  excited  wax,  they  are 
negative,   if  attracted,   poiitive. 

In  afcertaining  the  nature  of  the  eledlric 
5  powersj 
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powers,  we  muft  avoid  bringing  the  bodies  to 
be  tried  ne^r  each  other  fuddenly ;  or  one  with 
a  flrong  eledtricity  near  another  which  is  weakly 
fo ;  as  it  may  render  the  experiment  doubtful  by 
attrading  and  not  repelling  the  light  body. 

JExPERiMENT  XIV. — Hold  an  excited  glafs  tube 
over  one  of  the  brafs  tubes,  but  at  fome  diftance 
from  it,  part  of  the  natural  quantity  of  electricity 
contained  in  the  brafs  tube  will  be  driven  into  the 
pith  balls  that  are  annexed  to  it,  by  the  excited 
glafs,  the  balls  will  diverge  with  pofitive  elec- 
tricity ;  remove  the  excited  glafs,  the  balls  will 
then  return  to  their  natural  ftate,  and  clofe. 

If  the  excited  glafs  continues  in  it's  place,  the 
balls  will  continue  to  be  repelled ;  for  the  excited 
eledlric  will  always  continue  to  feparate  the 
powers  of  eledlricity,  or  in  other  words  to  force 
a  quantity  from  the  furface  of  the  tube  ;  and  will 
alfo  prevent  it's  return,  fo  long  as  it  continues  of 
the  fame  force,  and  ads  at  the  fame  diftance. 

The  nearer  the  excited  eledric  is  brought,  the 
greater  is  the  effect. 

The  fphere  of  a6lion  of  an  excited  eledtric  has 
been  diftinguifhed  into  two  parts,  one  termed  the 
SPHERE  OF  INFLUENCE,  in  which  the  balls  will 
feparate,  but  clofe  when  theele61ric  is  removed; 
the  other  is  called  the  sphere  of  communica- 
tion. 
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TioN,   in  this  the  force  acquired  by  the  balls 
remains  after  the  excited  eledlric  is  removed. 

Experiment  xv. — Eledlrify  the  pith  balls  that 
are  fufpended  from  the  brafs  tube  A,  fig.  27^ 
then  bring  the  end  of  this  tube  in  contad  with 
the  end  of  the  tube  B,  the  balls  of  which  are 
un-eledtrified  ;  the  flock  of  elecftricity  given  to 
the  tube  A  will  be  equally  divided  between  each 
pair  of  balls,  thofe  of  the  tube  B  will  open,  and 
thofe  of  A  will  clofe  a  little. 

Experiment  xvi. — Elecflrify  the  tubes  A  and 
B,  fig.  27,  equally  and  with  the  fame  power,  put 
the  ends  of  the  tubes  together,  and  the  diver- 
gence of  the  balls  will  not  be  altered. 

Experiment  xvii.-— Elecftrify  the  tubes 
equally,  but  with  the  different  powers,  one 
with  glafs,  the  other  with  wax,  bring  the  ends 
of  the  tubes  in  contad,  and  the  balls  will  clofe. 

We  learn  from  thefe  experiments,  that  the 
pofitive  and  negative  powers  counteraifl  each 
other ;  whence,  if  both  are  applied  at  the  fame 
time  to  any  body,  the  eleftriciry  it  acquires  will 
be  only  the  difference  of  the  two,  and  confe-^. 
quently  that  of  the  flrongcd:. 

Experiment 
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Experiment  xviii. — Hold  an  excited  glafs 
tube  to  one  of  the  brafs  tubes,  touching  this 
tube  at  the  fame  time  v;ith  your  finger,  part  of 
the  natural  quantity  of  the  eleftrical  fluid  refident 
in  it  will  be  forced  by  the  excited  glafs  tube  into 
the  finger ;  remove  at  the  fame  inftant  the  finger 
and  glafs,  and  the  balls  will  remain  negatively 
eledlrified. 

Experiment  xix. — Place  the  brafs  tubes,  A 
and  B.  fig.  22,  in  a  flrait  line  with  their  ends  in 
contad:,  hold  the  excited  glafs  over  the  tube  A, 
part  of  the  eleftric  fluid  naturally  refident  in  this 
will  be  driven  into  B ;  feparate  the  tubes,  the 
balls  of  A  will  be  negative,  and  thofe  of  B  will 
be  in  a  pofitive  ftate ;  bring  them  together  again^ 
and  the  bails  will  clofe. 

The  tube  A  was  in  the  foregoing  experiment 
eledlrified  with  the  negative  power,  B  with  the 
pofitive ;  but  when  they  were  brought  together 
the  equilibrium  w^as  reftored ;  evincing  that  no 
addition  of  eleBric  matter  was  communicated 
to  them  ;  but  that  the  natural  powers  of  elec- 
tricity refident  in  the  tubes  were  feparated  by 
the  atmofphere  of  the  excited  eledbic ;  and 
proving  the  co* existence  of  the  two  powers  in 
every  fubftance.  For  the  elcdlric  fluid,  accord- 
ing to  Mr.  Eeles,  confids  of  two  elaflic   me- 

H  '      diums, 


58  An    E  s  s  A  y    o  N 

diums,  which  equally  and  ftrongly  attraft  each 
other,  and  are  attrafcied  by  all  other  matter. 
Therefore  when  any  body  is  immerged  in  an  elec- 
tric atmofphere,  this  atmofphere  repels  the  power 
which  is  of  the  fame  kind  in  the  body,  and 
equally  attracts  that  which  is  of  a  different  kind 
in  the  fame  body ;  and  while  thefe  bodies  remain 
immerged  in  this  atmofphere,  the  powers  remain 
feparated,  different  atmofpheres  exifting  and 
ading  at  each  end.  But  when  the  eledric  is 
removed,  the  two  powers  inftantly  join,  and  be- 
coming equal  do  not  exert  any  fenfible  adlion. 

Experiment  xx. — Infulate  a  long  metallic 
rod,  fufpend  a  pair  of  pith  balls  from  each  end 
of  it,  place  one  of  the  ends  at  about  two  inches 
from  the  prime  condudor,  the  other  end  as  far 
from  it  as  poffible,  eledrify  the  condu6lor,  and 
the  eleflric  fluid  in  the  rod  will  be  driven  to  that 
end  which  is  furtheft  from  the  condudlor ;  fo  that 
one  end  will  be  elecflrified  negatively,  the  other 
end  pofitively,  as  will  be  feen  by  the  balls. 

Experiment  xxi.. — Apply  a  jftick  of  excited 
wax  to  the  tube  D,  fig.  23,  as  at  A,  while  it 
remains  there  the  bails  I  open  with  negative 
electricity ;  raife  the  v/ax,  as  at  B,  and  the  balls 

will 
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uill  clofe ;  raife  it  flill  higher  to  C,  and  they 
^\  ill  open  with  pofitive  eledricity. 

Experiment  xxii. — Excited  glafs  held  over 
the  middle  of  the  tube  A,  fig.  24,  forces  fome 
part  of  the  natural  quantity  of  eledlricity  of  A 
into  the  balls,  and  fome  part  out  at.  the  two  ends 
into  the  air.  During  this  experiment,  the  balls 
of  A  are  repelled  by  glafs,  and  are  therefore  in 
a  pofitive  flate  ;  but,  after  the  excited  glafs  is 
removed,  they  in  a  very  iitde  time  change  to 
a  negative  flate,  becaufe  part  of  the  natural 
quantity  had  efcaped  from  the  pointed  ends  into 
the  air,  while  the  glafs  was  held  over  the  tube ; 
but,  when  the  glafs  is  removed,  the  over-charge 
in  the  balls  will  of  courfe  return,  and  diffufe  itfelf 
equally  in  the  tube,  but  as  this  is  not  fufficient 
to  ballance  the  lofs  fuftained,  the  tube,  thread, 
and  balls  mufl  be  in  a  negative  ftate.* 

Experiment  xxiii. — Place  three  tubes.  A, 
S>  C,  fig.  25,  in  a  line  near  to,  or  in  contaft 
with,  each  other ;  excited  glafs  held  over  A 
forces  out  part  of  the  natural  quantity  of  fluid 
contained  in  A  into  B  and  C  ;  feparate  A  from 
B  and  C,  A  will  be  electrified  negatively,  B  and 
C  will  be  in  a  pofitive  fi:ate.     Put  the  three  tubes 

H  2  into 

*  Wilfon's  Short  View  of  Elearicity,  p,  7, 
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into  their  former  fituation,  the  equilibrium  will 
be  refiorcd^   and  the  balls  will  collapre.'^ 

Experiment  XXIV. — Place  four  tubes,  as  A, 
B,  C,  D,  fig.  26,  in  contadl  with  each  other; 
excited  glafs  held  over  A  forces  part  of  the  fluid 
contained  in  it  into  B,  the  quantity  received  in 
B  will  force  out  a  certain  portion  from  C  into  D  ; 
the  moment  before  the  excited  glafs  is  removed 
from  A,  feparate  B  and  D  from  A  and  C,  after 
which  it  will  be  found,  that  A  and  C  are  in  a 
negative,  and  B  and  D  in  a  pofitive  ftate.* 

Experiment  xxv. — Excited  glafs  held  at 
about  one  inch  diftance  from  the  end  B,  of  a 
folid  cylinder  of  glafs  B,  D,  fig.  28,  Plate  III. 
which  is  fix  feet  long,  and  about  half  an  inch 
diameter,  will  force  part  of  the  fluid  at  the  end 
B  towards  the  remote  end  D ;  but,  in  doing  this, 
the  natural  quantity  belonging  to  the  glafs  will 
undergo  feveral  alterations,  v/hich  are  difcovered 
by  the  effect  an  excited  glafs  tube  has  on  a  num- 
ber of  pith  balls,  which  are  fufpended  at  equal 
diftances  from  each  other  between  B  and  D ;  in 
^  little  fpace  of  time  the  eledricity  of  thefe  is 
changed,  thofe  that  were  pofitive  will  become 


negative^ 
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negative,   and  thofe  that  were  negative  will  be- 
confie  pofitive. 

If  the  excited  glafs  is  held  in  conta6t  with  the 
end  B,  the  additional  quantity  received  at  B  will, 
in  going  towards  D,  caufe  feveral  alterations  in 
the  deniity  of  the  fluid  in  B  D,  but  thefe  altera- 
tions will  be  converfe  to  the  former,  and  after  a 
little  time  will  alfo  be  reverfed. 

It  may  be  inferred  from  thefe  experiments, 
that  whenever  the  eledlric  fluid  in  any  body  be- 
comes fuddenly  more  denfe  in  any  one  part,  the 
fluid  in  the  neighbouring  parts  will  be  more  rare, 
and  vice  verfa.  Thefe  alternate  changes  of 
rarity  and  denflty  mufl:,  from  the  nature  of  an 
elaftic  fluid,  continue  to  ofcillate  many  times 
backwards  and  forwards  before  the  fluid  can  be 
at  refl: ;  though,  when  thefe  motions  are  weaken- 
ed to  a  certain  degree,  they  are  imperceptible  to 
the  obferver.* 

Moft  of  the  preceding  experiments  may  be 
made  with  cylinders  of  wood  or  glafs  infliead  of 
brafs.  When  glafs  is  ufed  it  muft  be  kept  dry 
and  not  difl:urbed  by  fridion. 

It  is  not  improbable  that  the  attra6i:ive  and 
repulfive  motions  of  eledlrified  bodies  are  ow- 
ing to  the  alternate  condenfation  and  dilatation  of 
the  eledric  fluid  on  the  furface  of  thefe  bodies, 

as 
*  Ibid.  p.  18. 
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as  they  are  naturally  carried  where  they  meet 
with  the  lead  refiftance. 

That  there  is  a  vibratory  motion,  or  ftruggle, 
between  the  eledric  fluid,  when  in  adtion,  and 
the  air,  is  evident  from  that  fenfation  which  is 
felt  w^hen  a  ilrongly  excited  eledlric  is  brought 
near  any  part  of  the  human  body ;  and  is  fuch 
as  would-  be  occaiioned  by  a  fpider's  web  drawn 
lightly  along  the  fl^in.  This  circumftance  is 
rendered  more  clear  by  an  experiment  made  by 
Dr.  Prieflley,  in  order  to  difcover  whether  elec- 
tricity was  concerned  in  the  freezing  of  water. 

Experiment  XXVI. — Replaced  two  difhes 
with  water  *in  the  open  air  in  the  time  of  a 
fevere  froft,  one  of  them  he  kept  ftrongly  elec- 
trified, and  could  obferve  no  difference  in  the 
time  when  it  began  to  freeze,  or  in  the  thicknefs 
of  the  ice  when  it  had  been  frozen  fome  time ; 
but  he  obferved,  on  each  fide  of  the  eledlrilied 
wire,  the  fame  dancing  vapour, which  is  feen 
near  the  furface  of  the  earth  in  a  hot  day,  or  at 
any  time  near  a  body  ftrongly  heated. 
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Experiments  on   the  Attraction  and  Re- 
pulsion OF  EXCITED  Silk  Ribbon. 

Experiment  xxvii. — Put  a  black  and  white 
ribbon  together,  and  draw  them  through  the 
fingers ;  by  this  operation  the  white  ribbon  will 
be  elecflrified  pofitivelj^,,  the  black  negatively, 
and  will  confequefitly  attrad:  each  other. 

4 

Experiment  x'xviii. — Lay  either  of  the 
ribbons  upoh*a.  quire  of  paper,  and  draw  over  it 
amber,  fealing-wax,  or  any  other  negative  elec- 
tric, the  ribbons  will  be  excited  poiitively. 

If  politive  eledlrics  are  drawp  over  the  rib- 
bons, they  will  be  excited  negatively-* 

Experiment  xxix. — A  piece  of  flannel  and 
a  black  ribbon  will  excite  as  well  together  as  a 
black  and  white  ribbon. 

Experiment  xxx. — Dry  two  white  lilk  rib- 
bons at  the  fire,  extend  them  on  any  fmooth 
plane,  draw  the  edge'  of  a  fharp  ivory  rule  over 
them ;  while  they  continue  on  the  plane  they  do 
not  feem  to  have  acquired  any  eleclricity,  yet 
when  taken  up  feparately,  they  are  obferved  to 
be  negatively  eledrified,  and'  repel  each  other. 

''  When 
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When  they  are  fepa rated  from  each  other, 
elecftric  fparks  are  perceived  between  them,  but 
when  they  are  again  put  on  the  plane,  no  light 
is  perceived  without  a  fecond  fridion. 

Experiment  xxxi. — Place  the  ribbons  on  a 
rough  condutfling  fub fiance,  rub  them  as  before, 
and  they  will,  on  their  fepairation,  fhew  contrary 
eledlricities,  which  will  alfo  difappear  when  they 
are  joined  together. 

If  the  ribbons  are  made  to  repel  each  other 
and  then  joined  together,  and  placed  on  the 
fore-mentioned  rough  fubllance,  they  will  in  a 
few  minutes  be  mutually  attracted  ;  the  upper- 
mod  being  pofitively,  the  undermoft  negatively, 
eleclrified. 

When  two  white  ribbons  receive  their  fric- 
tion on  a  rough  furface,  they  always  acquire 
contrary  eledlricities ;  the  upper  one  is  ne- 
gatively, the  lower  one  poiitively,  eledlrified. 

Experiment  xxxii. — When  two  ribbons  arc 
made  to  repel  each  other,  drav/  the  point  of  a 
needle  lengthways  down  one  of  them,  and  they 
will  ruih  together. 

Experiment   xxxiii. — Bring  an   eleclrified 

ribbon  near  a  fmall  infulated  metallic  plate,  it 

2  will 
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will  be  attracted  but  feebly  ;  bring  a  finger  near 
the  plate,  afpark  will  be  obferved  between  them, 
though  both  together  flievv  no  fignsof  tleftricity; 
on  the  feparation  of  the  ribbon  they  again  appear 
to  be  eledrified,  and  a  fpark  is  perceived  between 
the  plate  and  the  finger. 

Experiment  xxx^rv. — Lay  a  number  of  rib- 
bons of  the  fame  colour  upon  a  fmooth  condudling 
fubflance,  draw  the  ivory  rule  over  them,^take 
them  up  hngly,  and  each  will  give  a  fpark  at- the 
place  where  it  is  feparated  from  the  other ;  the 
laft  will  do  the  fame  with  ihe  condud:or ;  they 
are  all  negatively  eledlrified.  Take  them  from 
the  plate  together,  they  will  all  cohere  in  one 
mafs,  which  is  negatively  eledrificd  on  both 
fides. 

Experiment  xxxv. — Let  them  be  placed  on 
a  rough  condudling-  fubftance,  and  then  be 
feparated  fingly,  beginning  with  the  lowermofl*, 
fparks  appear  as  before,  but  all  the  ribbons  will 
be  eleBrilied  pofitivcly  except  the  uppermoft. 
If  they  receive  the  friction  upon  the  rough  con- 
dud:or,  and  are  all  taken  up  at  once,  all  the 
intermediate  ribbons  acquire  the  eledtricity  of  the 
higheil:  or  lov/eil,  according  as  the  feparation  is 
begun  with  the  higheil  or  the  lowell. 

I  The 
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The  following  very  curioii&  obfervations  and 
experiments  were  made  by  Mr.  Symmer.  He 
had  been  accuilomed  to  wear  two  pair  of  lilk 
itockings,  a  black  and  a  white,  when  thefe  were 
pulled  olF  both  together  no  figns  of  eledricity 
appeared  ;  but,  on  pulling  off  the  black  ones 
from  the  white,  he  heard  a  fnapping  or  cracking 
noife,  and  in  the  dark  perceived  fparks  between 
thern.  To  produce  this  and  the  following  ap-. 
pearances  in  great  perfection,  it  was  only  necef- 
fary  to  draw  his  hand  feveral  times  backward 
and  forward  over  his  leg  with  the  (lockings  upon 
it. 

When  the  flockings  were  feparated  and  held 
at  a  di fiance  from  each  other,  both  of  them 
appeared  to  be  highly  excited  ;  the  white  flock- 
ing pofitively,  the  black  negatively.  While  they 
were  kept  at  a  diftance  from  each  other,  both  of 
them  appeared  inflated  to  fuch  a  degree  that  they 
exhibited  the  intire  fliape  of  the  leg.  When  two 
black  or  two  white  ftockings  are  held  in  one 
hand,  they  repel  one  another  with  confiderable 
force.  When  a  white  and  a  bl^ck  flocking  are 
prefented  to  each  other,  they  are  mutually  attrac- 
ted, and  rufh  together,  if  permitted,  with  great 
violence.  As  they  approach  the  inflation  gra- 
dually fubfides,  and  their  attradion  of  foreign 
objects  diminiihes,  but  their  attraction  of  one 

another 
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another  increafes;  when  they  a6tual]y  meet,  they 
become  flat  and  joirjed  clofe  together,  like  fo 
many  folds  of  filk ;  when  feparated  again,  their 
elediric  virtue  does  not  feem  to  be  in  the  leaft 
impaired  for  having  once  met.  The  fame  ap- 
pearances will  be  exhibited  by  them  for  a  con- 
liderable  time. 

V/hen  the  (lockings  were  fuffered  to  meet, 
they  ftuck  together  with  confidcrable  force ;  at 
firft  Mr.  Symmer  found  they  required  from  one 
to  twelve  ounces  to  feparate  them.  Another 
time  they  raifed  1 7  ounces.  Getting  the  black 
(lockings  nev7  dyed,  and  the  white  ones  wafned, 
and  whitened  in  the  fumes  of  new  fulphur,  and 
then  putting  them  one  within  the  other,  with 
the  rough  fides  together,  they  required  three 
pounds  three  ounces  to  feparate  them.  When 
the  white  itocking  was  put  within  the  black  one, 
fo  that  the  outiide  of  the  white  was  contiguous  to 
the  infide  of  the  black,  they  raifed  nine  pounds, 
^wanting  a  few  ounces  ;  when  the  two  rough 
furfaces  were  together,  they  raifed  fifteen  pounds, 
one  penny  weight  and  a  half.* 

*  The  Rev,  Mr,  Lyons  hae  made  many  curious  expe- 
riments on  the  attraftion  of  ribbons  ;  their  rohefion,  &c. 
§ee  Lyon's  E;jjperiments  and  Obfervations  on  Eleftricity. 

I  2  CHAP, 
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CHAP.      IV, 

Entertaining  Experiments  by  the  Attrac- 
tion AND  Repulsion  of  light  Bodies,  with 
some  Remarks  on  Electrical  Attraction, 

~^  E  W  philofophical  fciences  afford  fo  much 
eatertainment  as  electricity  :  in  it  the  ufeful 
and  agreeable  are  intimately  blended;  and  the 
philofopher,  while  he  is  inveltigating  the  abltrufe 
parts,  is  entertained  by  the  variety  and  beauty 
of  the  experiments,  which  confirm  or  difprove 
the  hypctheiis  he  wiilies  to  eiliablirh. 

Experiment  xxxvi.— Fix  the  end  A  of  the 
wire  A  B,  fig.  lo,  in  the  fmall  hole  which  is 
at  the  end  of  the  prime  condudor  •  turn  the 
cylinder,  and  the  feathers,  which  arc  conneded 
with  the  wire  by  linen  threads,  will  feparate 
from  each  other ;  the  fibrous  and  downy  parts 
will  become  turgid,  and  expand  in  a  pleafing 
manner,  in  a  variety  of  directions. 

Prefent  a  metallic  point,  the  finger,  or  any 
other  conducting  fubflance  to  the  feathers,  the 
downy  parts  thereof  will  immediately  collapfe, 
the -divergence   of  the  feathers  will  ceafe,  and 

they 
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they  will  approach  each  other,  and  cling  round 
the  non-eledtric  body. 

The  feathers  feparate  from  each  other,  and 
tend  towards  uneleclrified  bodies,  from  the 
effort  made  by  the  eledricity  which  is  commu- 
nicated to  them  to  diffufe  itfelf,  and  the  refin- 
ance it  meets  with  from  the  air. 

Experiment  xxxvii. — Fix  the  end  C  of  the 
wire  C  D,  fig.  11,  mto  the  hole  at  the  end  of 
the  conduclv-^r,  put  the  machine  in  aclion,  and 
the  two  fmall  bails,  c  d,  will  recede  from  each 
other.  Bring  a  conducting  fubftance  within 
the  fphere  of  their  adtion,  and  they  will  fly 
towards  it ;  touch  the  conductor  with  a  non- 
eiediiric,  and  they  will  immediately  come  toge- 
ther. 

The  balls  do  not  always  diverge  fo  much  as 
might  be  expedled  from  the  adion  of  their  at- 
mofpheres,  becauie  they  are  influenced  by  that 
of  the  conductor. 

The  balls,  or  feathers,  will  feparate,  &c.  in 
the  fame  manner,  if  they  are  annexed  to  a  ne- 
gative conductor. 

Experiment  xxxviii. — Prefent  a  fine  thread 
towards  an  eleQrified  conductor ;  when  it  is  at  a 
proper  diftance,  it  will  fly  towards,  and  flick  to 

the- 
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the  conda6lor,  and  convey  the  eledric  fluid  from 
it  to  the  hand  ;  remove  the  thread  to  a  fmall 
diftance  from  the  condudlor,  and  it  v/ill  fly 
backwards  and  forwards  with  great  velocity,  and 
in  a  very  pleafmg  manner:  prefent  the  fame 
thread  towards  one  that  hangs  from  the  conduc- 
tor, they  will  attract  and  join  each  other.  Bring 
a  non-eiediric  body,  as  a  brafs  ball,  near  thefe 
threads,  the  ball  will  repel  that  held  by  the  hand, 
and  attradl  that  which  is  affixed  to  the  conductor : 
the  upper  thread  renders  the  brafs  ball  negative, 
snd  therefore  goes  towards  it ;  while  the  under 
thread,  which  is  alfo  negative,  is  repelled.  Let 
the  ball  be  brought  near  to  the  lower  part  of  the 
under  one,  and  it  will  be  attradled  by  it.  The 
jun6lion  of  the  threads  arifes  from  the  effort  the 
cledric  fluid  makes  to  diffufe  itfelf  through 
ihem. 

Experiment  xxxix. — To  the  edge  of  the  brafs 
hoop  bed,  fig.  1 2,  are  fallened,  at  equal 
diftances  from  each  other,   {ix   or  feven  pieces 

•*  a. 

of  thread,  about  four  inches  long ;  a  wire  pro- 
ceeds from  the  hoop,  which  hts  into  a  cavity  in 
the  pillar  D;  z  e  is  a  brafs  wire,  to  one  end  of 
which  are  fadened  feveral  fmall  pieces  of  thread  ; 
fit  the  plain  end  of  the  wire  into  the  hole  at  the 
end  of  the  conductor,  place  the  hoop  b  c  d  at 

right 
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right  angles  to  the  v;ire  z  e,  and  direclly  over  the 
threads  at  the  end  z  ;  turn  the  cylinder,  and  the 
threads  tied  to  the  hoop  will  be  attracted  by 
thofe  which  are  faftened  to  the  wire  z  e,  and  will 
point  towards  each  other  as  fo  many  radii  of  a 
circle.  The  elec'tric  fluid  pafTes  from  the  threads 
of  the  wire  into  thofe  of  the  hoop,  and  thus 
occaiions  the  feeming  attraction  between  them. 

Place  the  hoop  b  c  d  on  an  infulating  fiand, 
and  when  it  is  faturated  with  the  ele61ric  matter, 
the  threads  which  are  tied  to  it  will  be  repelled 
by  thofe  of  the  wire  ;  touch  the  hoop,  and  they 
will  be  again  attracted.  If  the  hand  is  brought 
near  the  threads,  they  will  quit  their  central 
direction,  and  move  towards  it.  The  ends  of 
the  threads  appear  luminous  in  the  dark. 

Experiment  xl.— Sufpend  the  fmall  metal 
plate  F,  fig.  13,  to  thecondudtor  by  the  hook 
H  ;  place  the  Hand  I  diredlly  under  it,  and  the 
large  plate  G  on  the  top  of  the  fland  ;  the  upper 
part  of  the  (land  I  is  moveable,  fo  that  the  diflanee 
of  the  two  plates  from  each  other  may  be  oc- 
caiionally  varied.  Lay  fmall  paper  images,  or 
any  other  light  fubflances,  on  the  under  plate, 
then  put  the  machine  in  adion,  and  the  light 
bodies  will  be  attradled  and  repelled  by  each 

plate^ 
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plate,  and  move  from  one  plate  to  the   other 
with  confiderable  velocity. 

The  light  bodies  placed  on  the  under  plate 
become  poiTeiTed  of  an  eleclricity  vhich  is  Lon- 
trary  to  that  of  the  upper  plate,  and  are  there- 
fore attrafted  by  it,  and  acquire  the  fame  elec- 
tricity with  it ;  they  are  then  repelled,  and  part 
with  this  electricity  to  the  ftand,  and  are  again 
in  a  proper  flate  to  be  attradted  by  the  upper 
plate.  That  thefe  bodies  cannot  be  attradled  by 
the  upper  plate,  till  they  have  acquired  a  pov/er 
contrarv  to  it,  or  till  the  equilibrium  of  the  fluid 
in  them  is  difturbed,  will  be  evident  froili  the 
following  experiment. 

Experiment  xli. — Remove  the  under  plate 
and  (land,  hold  in  it's  ftead,  by  one  corner,  a 
pane  of  glafs,  which  has  previoully  been  made 
very  clean  and  dry  ;  now,  as  glafs  does  not  tranf- 
mit  eledricity,  no  contrariety  in  the  elecStric 
fiates  of  the  conduclor  and  the  light  fubflanccs 
can  be  occa.lioned,  and  therefore  no  attraction  or 
repulfion  is  obferved. 

If  a  finger  is  prefented  to  the  under  fide  of 
the  glafs  plate,  the  light  bodies  will  be  attradled 
and  repelled :  the  caufe  of  this  will  be  feen 
when  the  nature  of  the  Leyden  phial  is  ex- 
plained. 

6  Mr. 
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Mr.  Eeles,*  fpcaking  of  this  alternate  attrac- 
tion and  repulfion,  fays,  they  may  be  agreeably 
varied,  by  wetting  firft  the  head  of  the  paper 
images,  and  when  thefe  are  dry,  wetting  the 
feet. 

**  When  you  dry  the  head  of  one  of  thofe 
**  images,  the  power  thrown  out  from  the  con- 
"  ductor,  cannot  enter  the  image  with  the  fame 
*^  facility  with  which  the  contrary  power  ffom 
"  the  table  enters  at  the  feet,  which  are  not  fo 
*'  dry ;  this  will  therefore  afcend  to  the  utoer 
"  plate  and  remain  there.  Reverfe  the  e^^peri- 
**  ment ;  dry  the  feet  and  wet  the  heafd,  and 
"  the  images  will  fix  themfelves  to  the  lower 
*'  plate.  If  the  image  retains  fo  much  more  of 
"  the  attradled  power  as  will  ballanc^  againft 
*'  it's  weight,  than  there  is  of  the  contrary  power 
*'  which  proceeds  from  the  condudor,  the  image 
'*  will  be  fufpended  between  the  two  plates. 

"  This  may  be  effedled  by  making  the  head 
"  of  the  image  broad  and  round,  which  does  not 
*'  admit  the  power  coming  out  fo  readily  as  the 
^'  feet,  being  fliarp,  admit  the  power  going  in  ; 
"  a  minute  alteration  will  make  the  images 
"  dance,  or  remain  fixed  to  one  of  the  plates. 

K  Experiment 

*  Philofophical  Effays,    Preface?  page  25, 
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Experiment  xlii.— Plaee  a  fquare  piece  of 
leafbrafs  or  filver  on  the  under  plate,  hold  this 
parallel  to  the  upper  one,  at  about  five  or  fix 
inches  from  ir,  turn  the  machine,  and  the  leaf 
will  then  rife  up  into  a  vertical  fituation,  and 
remain  between  the  two  plates,  without  touching; 
either  of  them.  Prefent  a  metal  point  towards^ 
the  leaf,,  and  it  will  immediately  fall  down. 

Experiment  xliii. — Place  a  brafs  ball  at  K^ 
fig.  14,  at  the  end  of  the  conduBor,  and  when 
the  leaf  of  brafs  is  fufpended  between  the  plate 
and  ball,  move  the  plate  round  the  ball,  and 
the  leaf  will  alfo  move  round,  without  touching 
either  ball  or  plate. 

A  glafs  cylinder  is  occafionally  placed  between 
the  two  metal  plates  F  G,  fig.  13,  to  prevent 
bran,  fand,  or  other  light  fubftances,  being, 
thrown  off. 

Experiment  xLiv. — Place  two  wires  diredlly 
under,  and  parallel  to,  each  other,  fufpend  one 
from  the  condu6lor,  let  the  other  communicate 
ivith  the  table;  a  light  image  placed  between 
thefe,  will,  when  the  conductor  is  ele&ified, 
appear  like  a  kind  of  ekdlrical  rope  dancen— See 

%  15- 
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Experiment  xlv. — Cut  a  piece  of  leaf  brafs, 
with  an  obtufe  angle  at  one  end,  and  a  very- 
acute  one  at  the  other,  prefent  the  large  end 
towards  an  eledtriiied  condudlor,  and  when  the 
leaf  brafs  is  within  it's  atmofphere,  let  it  go ;  it 
•will  then  fix  itfelf  to  the  condudor  by  the  apex 
of  it's  obtufe  angle,  and,  from  it's  continual 
wavering  motion,  will  appear  to  be  animated. 

The  next  experiment  requires  confiderable 
attention  to  make  it  fucceed  ;  as  a  fmall  diifer- 
ence  in  the  apparatus,  or  in  the  force  of  the 
fnachine,  &c.  will  make  it  fail :  when  it  anfwers, 
it  generally  affords  pleafure  to^  and  excites  admi- 
ration in,  the  fpeclators. 

Experiment  xlvi. — Fix  the  ring  NOP,  fig. 
1 6,  to  the  end  of  the  condudlor ;  place  the  plate 
Gj  fig.  13,  on  it's  {land  I  under  it,  and  at  a 
little  diftance  from  it,  put  a  very  light  hollow 
glafs  ball  upon  the  plate,  but  within  the  ring  ; 
turn  the  cylinder,  and  the  little  ball  will  defcribe 
an  orbit  about  the  ring,  and  turn  at  the  fame 
time  about  it's  own  axis  :  the  poles  of  it's  rotation 
are  nearly  at  right  angles  to  the  plane  of  it's 
orbit. 

Experiment  xxviir — Fig.  17  reprefents  a 
fmall  fet  of  bells,  the  two  exterior  ones  are  con- 

K  2  jieQed 
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neded  to  the  wire  V  Y,  by  a  brafs  chain,  the 
middle  bell  and  the  clappers  are  fufpended 
on  filk. 

Hang  the  bells  on  the  condudlor  by  the  hook 
R  S,  let  the  chain  from  the  middle  bell  touch 
the  table,  turn  the  cylinder,  and  the  clappers 
vjill  fly  continually  from  bell  to  bell,  as  long  as 
the  eledlricity  continues. 

The  brafs  chain,  which  connects  the  two 
exterior  bells  to  the  conduclor,  conveys  the 
eiedric  fluid  to  them,  which  attradls  the  clap- 
pers ;  thefe,  when  they  have  received  the  eleQric 
fluid,  are  repelled  by  the  exterior  bell,  and  at- 
tra6led  by  the  middle  one,  on  which  they  depofit 
their  eledlricity;  they  are  then  again  attraded 
and  repelled  by  the  outer  bells.  Hold  up,  by  a 
filk  thread,  the  chain  X,  which  proceeds  from 
the  middle  bell,  and  the  ringing  will  ceafe, 
becaufe  it  cannot  convey  the  eleclric  fluid  com-? 
municated  by  the  clappers  to  the  ground. 

Fig.  1 8  reprefents  a  more  elegant  form  of 
mounting  the  bells.  When  this  is  ufed,  the 
knob  a  fhoiild  communicate  with  the  con-* 
du6tor. 

Fig.  19  reprefents  another  kind.  In  this  th^ 
clapper  is  fufpended  from  the  fly  b  c  d,  the  axis 
pf  the  fly  refl:s  in  a  fmali  hole  on  the  top  of  the 
glafs  pillar  e  f,  t:he  upper  part  of  the  ^xis  move^ 

freely 
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freeely  in,  and  is  fupported  by,  a  hole  in  the  brafs 
piece  g.  Bells  of  different  tones  are  placed  round 
the  board  h  I  K.  Remove  the  prime  condudlor, 
and  place  this  apparatus  in  it's  ilead  near  th^ 
cylinder;  when  this  is  in  action,  it  will  caufe 
the  fly  to  turn  round,  the  clapper  will  ftrike  each 
bell  in  rotation,  and  thus  produce  a  pleafing  and 
harmonious  found. 

Experiment  xlviii.— -Take  ten  or  twelv^e 
pieces  of  thread,  each  about  ten  inches  long,  tie 
thern  together  at  the  top  and  the  bottom,  a§  in 
fig.  2Q,  then  fufpend  them  from  the  condu6lor  s 
the  threads,  when  eledlrified,  endeavour  to 
recede  from  each  other,  and  the  knot  at  the  bot- 
tom riling  upv/ards  as  the  rcpulfion  of  the  thread 
increafes,  will  form  them  into  a  fpheroidal 
figure. 

ExPERiMEi^T  XLix.'^ — jBring  a  downy  feather 
or  lock  of  cotton  near  the  end  of  an  excited  tube, 
or  the  knob  of  a  charged  Leyden  phial,  the 
feather  will  at  firft  fly  towards  the  tube,  but 
when  it  is  faturated  v/ith  the  eledlric  matter,  it 
will  recede  from  it,  and  may  be  driven  about 
the  room  by  the  excited  tube,  till  it  touches  fome 
non-condudor,  to  which  it  cafi  impart  it's 
dedi-^city.    The  fame  fide  of  the  feather  is  always 

turned 
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turned  towards  the  tube ;  becaufe  the  ele^flricity 
acquired  by  the  feather  is  forced,  by  the  action 
of  the  tube,  to  that  fide  which  is  fartheft  from 
it,  which  is  therefore  repelled. 

It  is  eafy  to  perceive,  from  this  and  the 
foregoing  experiments,  that  it  is  not  the  mere 
matter  which  is  attradled,  but  that  the  dilFerent 
phaenomena  are  occafioned  by  the  Hate  of  the 
ekdlric  fluid,  in  thofe  fubilances  which  are 
influenced  by  the  machine. 

Experiment  l. — Put  a  pointed  wire  into  one 
of  the  holes  which  are  at  the  end  of  the  conduc- 
tor, hold  a  glafs  tumbler  over  the  point,  then 
ckiflrify  the  conductor,  and  turn  the  tumbler 
round,  that  the  whole  interior  furface  may  re- 
ceive the  fluid  from  the  point ;  place  a  few  pith 
balls  on  the  table,  and  cover  them  with  this  glafs 
tumbler,  the  balls  will  immediately  begin  to 
leap  up  and  down  as  if  they  were  animated,  and 
will  continue  to  move  for   a  long  time.     See 

fig.  21. 

This  experiment  may  be  agreeably  varied  with 
two  tumblers.  Eledrify  the  infide  of  one  pofi- 
tively,  of  the  other  negatively  ;  put  the  balls  in 
one  tumbler,  and  then  bring  the  mouths  of  both 
in  contad,  the  balls  will  pafs  from  one  to  the 

othefp 
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other,    till   the   contrariety    between   them     is 
dejftroyed. 

An  eled:ric  fubflance  contained  between  pa- 
rallel furfaces,  however  difpofed,  is  called  an 
electric  plate. 

Experiment  li. — ^EleQrified  fubflances  will 
attrad:  thofe  which  are  not  ele6lrified,  although 
a  thin  eledric  plate  be  interpofed  between  them. 

Experiment  lii. — Bodies  eleclrified  with 
contrary  powers,  attraQ  each  other  ftrongly,  al- 
though an  eledtric  plate  is  interpofed  between 
them :  and  indeed  all  thofe  phaenomena,  which 
depend  on  the  influence  of  the  eledlric  atmo- 
fpheres,  may  be  produced,  although  an  eledric  is 
interpofed  betv/een  the  body  and  excited  elec- 
tric. 

To  account  for  any  of  the  phaenomena  of 
eledlric  attradion  and  repulfion,  is  very  difficult, 
but  more  fo  to  fhew  why  bodies,  which  are  elec- 
trified with  the  fame  power,  repel  each  other, 
particularly  thofe  which  are  negatively  eledlrified. 
Philofophers  have  invented  various  folutions  of 
this  difficulty ;  the  following  is  eftecmed  the 
bed. 

**  *  To  underftand  why  bodies,  poflefTed  of  the 

fame 

*  Cavallo*s  complete  Treatifeof  Ele£lricity,  p,  no. 
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lame  eledlricity^  repel  each  other,  the  reader 
mufl  be  reminded  of  the  following  principle,  viz^» 
that  the  eledlrie  fluid,  proper  to  a  body,  can  be 
neither  augmented  or  diminifhed  on  the  furface 
of  that  body,  except  the  faid  furface  is  contiguous 
to  an  electric,  which  can  acquire  a  contrary 
eledlrieity  at  a  little  diftance ;  from  whence  it 
follows,  that  no  eledricity  can  be  difplayed  on 
the  facing  furfaces  of  two  bodies,  which  are 
fufficiently  near  each  other,  and  both  pofleffed  of 
the  fame  eledtricity,  becaufe  the  air  that  lies 
between  them  has  no  liberty  of  acquiring  a  con- 
trary eledlricity.  This  being  premifed,  the 
explanation  of  eledric  repullion  becomes  eafy. 
Suppofe,  for  inflance,  that  two  fmall  bodies  arc 
freely  fufpended  by  infulated  threads^  fo  that, 
when  they  are  not  elecftrified,  they  hang  con- 
tiguous to  each  other  :  now  fuppofe  thefe  bodies 
to  be  ele6lrificd  pofitively  or  negatively,  and  they 
muft  repel  each  other ;  for  either  the  increafed 
or  dimirniflied  quantity  of  the  eledric  fluid  in 
thefe  bodies,  will  endeavour  to  difFufe  itfelf 
equally  over  every  part  of  the  furfaces  of  thefe 
bodies,  and  this  endeavour  will  caufe  the  bodies 
to  recede  from  each  other,  fo  that  a  quantity  of 
air  may  be  interpofed  between  their  furfaces 
fufficient  to  acquire  a  contrary  ele^ricity,  at  a 
little  diftance  from  the  faid  furfaces  ;  otherwife^ 

if 
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if  the  bodies  poirefTed  of  the  fame  elecflricity  do 
not  repel  each  other,  fo  that  a  fufficient  quantity 
of  air  may  be  interpofed  between  their  furfaces, 
the  increafed  quantity  of  elecflric  fluids  when  the 
bodies  are  eledlrified  poiitively,  or  the  remnant  of 
it,  when  they  are  eledlrified  negatively,  cannot 
be  diifufed  equally  over  the  furfaces  of  thefe 
bodies ;  for  no  electricity  can  appear  upon  the 
furfaces  of  bodies  in  contadl,  or  that  are  very 
near  each  other :  but  the  eledlric  fluid,  by  at-^ 
trailing  the  particles  of  matter,  endeavours  to 
difFufe  itfelf  equally  over  the  furfaces  of  thefe 
bodies,  and  the  bodies  are  by  this  endeavour 
forced  to  repel  each  other." 

**  *  The  difficulty  is  not,  however,  fblvcd 
by  this  theory,  which  only  explains  one  favfl  by 
another,  which  requires  as  much  explanation 
as  the  firft :  but  overlooking  this,  it  is  frill  infuf- 
ficient ;  for  granting  that  bodies  negatively 
eleflrified,  ought  to  repel  each  other,  till  the 
eledricity  is  equally  difFufed  over  their  furfaces, 
yet  when  this  is  accompliihied,  the  repuliion 
ought  to  ceafe.  Further,  there  is  no  reafon  for 
fuppofing  the  eledlrification  to  take  place  while 
the  bodies  are  in  contacfl,  or  nearly  fo.  One 
may  be  electrified  negatively  in  one  corner  of  a 
room,  and  another  in  the  other.     The  eledlrifi- 

L  cation 

*  Encyclopaedia  Britannica,  p.  2683. 
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cation  may  alfo  be  continued  for  any  length  of 
time  we  pleafe.  So  that  the  eleclric  matter  mud 
have  diffufed  itfelf  equally  over  the  furfaces  of 
both.  Yet,  if  we  attempt  to  bring  thefe  bodies 
together,  they  will  repel  each  other,  which 
ought  not  to  be  the  cafe  on  the  preceding  fup- 
pcfition/* 

it  ^  poiitive  eledlricity  has  been  fuppofed  by 
another  to  confift  of  a  vibratory  motion  in  the 
air  and  electric  fluid,  in  which  the  force  of  the 
vibration  is  direded  outwards  from  the  ele6lric 
body  :  that  in  negative  eled:ricity  there  is  alfo 
a  vibratory  motion,  but  the  force  is  direcled 
inwards.  Now  let  us  fuppofe  a  body  pofitively 
cledrified,  fufpended  by  a  fmall  thread,  at  a 
diftance  from  any  other,  the  vibratory  motion 
being  kept  up  by  an  equal  prelTure  on  all  fides, 
the  body  is  neither  moved  to  one  fide  nor  ano- 
ther; but  when  a  negatively  eleClrilied  body  is 
brought  near,  the  force  of  the  vibration  being 
direded  outwards  in  the  one,  and  inwards  in 
the  other,  the  prefTure  of  the  fluid  in  the  inter- 
mediate fpace  between  them  is  greatly  lelTened, 
and  confequently  the  preffure  on  the  other  fide 
drives  them  both  together,  and  they  are  faid  to 
attradl  each  other.  If  a  body  eledriiicd  pofitively 
is  brought  neaf  the  firfl,  the  force  of  the  vibra- 
tions 

*  Ibid.  p.   2699. 
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tions  are  dire6lly  oppofed  to  each  other,  and 
therefore  the  bodies  recede  from  each  other. 
The  cafe  is  the  fame  with  two  bodies  negatively 
eledlrified  ;  for  here  the  vibration  being  direded 
towards  both  bodies,  as  towards  two  centers, 
mud  caufe  them  to  recede  from  each  other,  be- 
caufe  if  they  remained  in  contad:,  the  vibratory 
motions  would  interfere  with  each  other. 

"  When  a  fmall  body  is  brought  within  the 
fphere  of  another's  eledlricity,  the  equable  pref- 
fure  of  that  vibratory  or  electrical  fphere  is 
fomewhat  lefTened  upon  the  lide  near  which  the 
body  is  brought,  and  it  is  therefore  impelled 
towards  the  firft  by  the  adion  of  the  furrounding 
fluid,  in  order  to  keep  up  the  equilibrium.  As 
foon  as  it  arrives  there,  the  vibrations  of  the  fluid 
around  the  firfl  body  being  communicated  to 
that  within  the  pores  of  the  fecond,  it  acquires  a 
fphere  of  eledricity  as  well  as  the  firfl,  and  is 
confequently  repelled  :  the  repulflon  continues 
till  the  vibration  ceafes,  either  by  the  adion  of 
the  air,  or  by  the  body  coming  in  contad  with 
another  larger  than  itfelf,  in  which  cafe  it's 
eledricity  is  faid  to  be  difcharged.  If,  after  this 
difcharge,  the  fecond  body  is  ft  ill  within  the 
fphere  of  the  firfl,  it  will  be  immediately  at- 
traded,  and  very  foon  after  repelled,  and  fo  on 

L  2  alternately. 
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alternately,    till   the    eledricity  of  the  former 
totally  ceafes." 

From  feveral  experiments  of  Beccaria's,  it 
appears,  that,  if  the  air  is  thoroughly  exhaufted 
from  a  glafs  receiver,  the  attradiion  and  repulfion 
of  eledrified  light  bodies  within  the  receiver 
grows  languid,  and  foon  ceafes  altogether.  This 
is  confirmed  by  an  experiment  of  Mr.  CavaU 
lo*s.  A  pith  ball  eledrometer  was  fufpended 
within  a  receiver  of  an  air  pump,  by  it's  brafs 
cap ;  this  was  then  elecflrified ;  the  balls  diverged 
a  little  when  the  air  was  only  rarified  lOO  times ; 
when  it  was  rarified  300  times,  the  repuliion  was 
fcarce  difcernable :  when  the  rarifadion  was 
greater,  they  did  not  diverge  at  all ;  and  that, 
whether  a  fmall  or  large  quantity  of  elc6lricity 
was  communicated  to  the  cap.* 

*  Phil.  Tranf.  vol.  73,  p.  452, 
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CHAP.       V. 

Of    the    Electric    Spark. 

Experiment  liii. 

FI  X  the  wire  and  ball  B  to  the  end  of  the 
condudlor,  as  at  A,  fig.  29,  turn  the  cy- 
linder, and  then  bring  the  knuckle,  or  another 
metal  ball,  as  C,  towards  B ;  if  the  machine  is 
powerful,  a  long,  crooked,  brilliant,  eledric 
fpark,  with  the  appearance  of  fire,  attended  with 
a  fnapping  noife,  will  pafs  between  the  two  balls, 
or  between  the  knuckle  and  ball. 

The  experiments  in  the  foregoing  chapter 
Ihew,  that  thofe  fubftances,  which  are  brought 
within  the  influence  of  eledlrified  bodies,  will 
become  poiTefTed  of  a  contrary  ele(5lricity,  and 
are  confequently  in  a  proper  ftate  to  receive  a 
fpark  from  any  body  that  is  charged  with  eledric 
matter ;  and  when  brought  near  enough,  they 
will  receive  the  fluid  in  one  explofion.  ff  the 
condudor  is  negative,  it  receives  the  fluid  from 
the  approaching  body.  The  fpark  does  not  ex- 
plode at  the  greateft  diftance  on  a  given  body, 
until  it  has  firft  been  made  to  ftrike  at   fome 

fmaller 
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fmaller  diftance,  which,  as  it  were,  entices  the 
difcharge  gradually  forwards. 

The  longeft  and  mod  denfe  fparks  proceed 
from  that  end  of  the  conduvflor  which  is  farthell 
from  the  cylinder,  though  long  curvilinear 
fparks  may  aifo  be  taken  near  the  infulating  pillar 
which  fupports  the  conductor. 

The  fpark,  or  quantity  of  ele6lricity  dif- 
charged,  is  nearly  in  proportion  to  the  lize  of 
the  condu6lor ;  fo  that  larger  and  longer  fparks 
are  obtained  from  a  condudior  which  has  a  con- 
liderable  furface,  than  from  a  fmall  one.  This 
has  been  extended  fo  far,  that  the  force  of  the 
fpark  from  a  conduvflor,  has  been  equal  to  a 
fhock  from  a  good  fized  phial. 

The  found  is  occaiioned  by  the  momentary 
agitation  into  which  the  air  is  thrown  by  the 
electric  fluid. 

If  the  electric  fpark  is  received  on  any  part  of 
the  body,  it  occafions  a  fenfation  fomething  re- 
fembling  a  fmart  blow,  which  is  more  or  lefs 
painful,  in  proportion  to  the  tendernefs  of  the 
part,  or  the  flrength  and  weaknefsof  the  fpark. 

When  the  quantity  of  eleclricity  is  fmall,  and 
incapable  of  ftriking  at  any  confiderable  diflance, 
the  fpark  appears  ftrait ;  but  when  it  is  ftrong, 
and  capable  of  ftriking  at  a  greater  diflance,  it 
affumes  a  crooked   or   ziz-zag   diredion;   and 

this. 
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this,  probably,  becaufe  the  more  fluid  eledlric 
matter  has  to  pafs  with  great  rapidity  through 
the  denfer  and  lefs  fluid  atmofphere,  which  re- 
ciprocally adl  upon  each  other. 

It  will  be  feen,  by  a  great  variety  of  experi- 
ments, that  the  elevflric  fluid  is  diffipated,  unlcfs 
it  is  refifl:ed  by  the  preflure  of  the  atmofphere, 
which  keeps  the  lire  together  in  a  body,  and  by 
concentrating,  it  increafes  it's  fplendor.  The 
fpark  which  explodes  in  the  air  is  vivid,  like 
lightning;  but  if  the  fame  is  tried  in  an  ex-. 
haufted  receiver,  infl:ead  of  a  fpark  and  explo- 
fion,  we  have  only  a  filent,  faint,  diluted  fl:ream. 

Beccaria  fays,  that  the  air  refifl:s  the  eledric 
fpark  in  proportion  to  it*s  denfity,  and  the  thick- 
nefs  of  the  fl:ratum  it  oppofes  to  the  fpark,  or 
the  length  of  the  paflage  they  open  for  them- 
felves  through  it's  fubfl:ance.  He  alfo  fhews, 
by  a  variety  of  experiments,  that  the  air  is  driven 
in  every  diredtion  by  the  eledlric  fluid,  with  a 
force,  the  adlion  of  which  does  not  immediately 
fubfide.  It  will  appear  from  this,  as  well  as 
many  other  conflderations,  that  the  exceeding 
great  velocity  and  ftrength  of  the  eledtric  fluid, 
are  not  owing  to  a  repullive  power  among  it's 
particles,  but  to  the  mutual  action  of  the  air  and 
eledlric  fluid  upon  themfelves  and  one  another; 
and  that  it's  momentum  is  produced  by  the  in- 
cumbent 
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cumbent  prefTure  of  the  atmofphere  on  the  elec- 
tric fluid,  and  the  prelTure  of  one  part  of  this 
matter  upon  another.  This  latter  prelTure  mud 
be  very  great,  if  the  particles  of  the  eledric  fluid 
are  in  contad:,  or  a6t  immediately  one  on  the 
other  throughout  the  wide  immeniity  of  fpace. 

The  eleBric  fpark  appears  of  a  different  co- 
lour, according  to  it's  denfity  :  when  it  is  rare, 
it  appears  of  a  blueiHi  colour  ;  when  more  denfe, 
it  is  purple ;  when  highly  condenfed,  it  is  clear 
and  white,   like  the  light  of  the  fun. 

The  middle  part  of  an  eledric  fpark  often  ap- 
pears diluted,  and  of  a  red  or  violet  colour;  the 
ends  are  more  vivid  and  white,  probably  be- 
caufe  the  fluid  meets  .with  the  greateit  refifl:ance 
at  it's  entrance  and  exit. 

The  fpark  is  fometimes  divided  into  many 
parts,  as  in  fig.  30.  The  rays  of  the  pencil 
concentrate  where  they  ftrike  the  ball,  and  form 
upon  it  many  denfe  and  fhining  fparks. 

Experiment  liv. — Place  an  ivory  ball  on  the 
conductor,  take  a  ftrong  fpark,  (or  pafs  the 
charge  of  a  Leyden  bottle  through  the  center  of 
it)  the  ball  will  appear  perfectly  luminous.  If 
the  charge  is  not  taken  through  the  center,  it 
will  pafs  over  and  corrode  the  furface  of  the 
ball. 

Experiment 
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Experiment  lv. — Take  a  fpark  through  a 
ball  of  box- wood,  and  it  will  appear  of  a  beau- 
tiful crimfon,  or  rather  a  fine  fcarlet  colour ;  or 
the  fhock  may  be  pafTed  through  pieces  of  wood 
of  different  thicknelTes  and  denfity,  which  will 
afford  a  very  ample  field  for  obfervation  and  ex- 
periment. 

The  two  forgoing  experiments  are  fo  anala- 
gous  to  the  famous  experiment  of  Mr.  Hawkf- 
bee,  and  fome  others  which  have  been  made 
fince  his  time,  that  I  have  fubjoined  them,  and 
hope  they  will  lead  to  a  further  inveftigation  of 
this  curious  fubj eel. 

Experiment  lvi. — Mr.  Hawkfbee  lined  more 
than  half  the  infide  of  a  glafs  globe  with  fealing- 
wax,  he  exhaufted  the  globe,  and  put  it  in  mo- 
tion, when,  on  applying  his  hand  to  excite  it, 
he  faw  the  fhape  and  figure  of  it  as  difiindly  on 
the  concave  fuperficies  of  the  wax  within,  as  if 
only  pure  glafs  had  intervened  between  his  eye 
and  his  hand.  The  lining  of  wax,  where  it  was 
thinnefl,  would  but  juft  allow  the  light  of  a  can- 
dle to  be  feen  through  it  in  the  dark.  In  fome 
parts  the  wax  was  at  leaft  an  eighth  part  of  an 
inch  thick ;  yet,  even  in  thofe  places,  the  fhape 
and  figure  of  his  hand  were  as  diftinguifhable  as 
any  where  elfe. 
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Beccaria  difcharged  an  eledric  fliock  through 
fome  brafs  duft,  fprinkled  between  two  plates  of 
fealing-wax;  the  whole  was  rendered  perfedly 
luminous  and  tranfparent. 

Experiment  lvii.— This,  extraordinary  ex- 
periment was  made  by  Dr.  Priefiley,  and  is 
thus  dcfcribed  by  him.  I  laid  a  chain,  which 
was  in  contact  with  the  outiide  of  a  jar,  lightly 
on  my  finger,  and  fometimes  kept  it  at  a  fmall 
diftance  by  means  of  a  thin  piece  of  glafs.  If  I 
made  the  difcharge  at  the  diftance  of  about  three 
inches,  the  eledlric  fire  was  vilible  on  the  furface 
of  the  finger,  giving  it  a  fudden  concullion, 
which  feemed  to  make  it  vibrate  to  the  very 
bone ;  and  when  it  happened  to  pafs  on  that  fide 
of  the  finger  which  was  oppofite  to  the  eye,  the 
whole  feemed,  in  the  dark,  perfedly  tranfparent. 

ExPERipjENT  Lviii. — Conncifl  one  end  of  a 
chain  with  the  outfide  of  a  charged  jar,  let  the 
other  end  lie  on  the  table,  place  the  end  of  ano- 
ther piece  of  chain  at  about  one  quarter  of  an 
inch  diftance  from  the  former,  then  fet  a  de- 
canter of  water  on  thefe  feparated  ends,  and,  on 
making  the  difcharge  through  the  chain,  the 
water  will  appear  perfectly  and  beautifully  lu- 
minous.    This  experiment  was  communicated 
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to  me  by  Mr.  Haas,  the  inventor  of  an  improved 
air-pump. 

Do  not  thefe  experiments  indicate,  that  there 
is  a  fubtle  medium  both  in  eledric  and  non- 
eledtric  bodies,  that  renders  them  tranfparent, 
when  it  is  put  in  motion  ? 

Experiment  lix.-— The  fparks  taken  over  a 
piece  of  filver  leather,  appear  of  a  green  colour. 

Experiment  lx,- — E  F,  fig.  31,  is  a  glafs 
tube,  round  which,  at  fmall,  but  equal  diftances 
from  each  other,  pieces  of  tin-foil  are  palled  in 
a  fpiral  form,  (hence  it  is  called  the  fpiral  tube) 
from  end  to  end ;  this  tube  is  inclofed  in  a  larger 
one,  fitted  mth  brafs  caps  at  each  e.^d,  which 
are  connedied  with  the  tin-foil  of  the  inner  tube. 
Hold  one  end  in  the  hand,  and  apply  the  other 
near  enough  to  the  prime  conductor  to  take 
fparks  from  it,  a  beautiful  and  lucid  fpot  will 
then  be  feen  at  each  feparation  of  the  tin-foil ; 
thefe  multiply,  as  it  were,  the  fpark  taken  from 
the  conductor ;  for  if  there  was  no  break  in  the 
tin-foil,  the  eledtric  fire  would  pafs  off  unper- 
ceived. 

Experiment  lxi. — The  luminous  word.  This 
experiment  is  exaftly  on  the  fame  principles  as 
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the  foregoing.  The  word  is  formed  by  the  fmall 
reparations  made  in  the  tin-foil,  which  is  pafled 
on  a  piece  of  glafs,  that  is  fixed  in  a  frame  of 
baked  wood,  as  is  reprefented  in  fig.  32.  To 
make  the  experiment,  hold  the  frame  in  the 
hand,  and  prefent  the  ball  G  to  the  conductor, 
the  fpark  received  on  this  will  be  communicated 
to  the  tin-foil,  and  follow  it  in  all  it's  windings, 
till  it  arrives  at  the  hook  h,  and  is  conveyed 
from  thence  to  the  ground  by  a  chain :  the  lucid 
appearance  at  each  break  exhibits  a  word  in 
charaders  of  fire. 

Experiment  lxii. — To  take  the  eledlric  fpark 
with  a  metal  point,  fcrcw  a  pointed  brafs  wire 
into  one  end  of  a  fpiral  tube,  and  prefent  it  to 
the  condu6lor  while  the  machine  is  in  adlion, 
when  a  ffrong  fpark  will  pafs  between  the  con- 
ductor and  the  point. 

Experiment  lxiii. — Take  a  clean  dry  glafs 
tube,  of  about  a  quarter  of  an  inch  bore,  inferC 
a  pointed  wire  in  this  tube,  keep  the  pointed 
end  at  fome  didance  from  the  end  of  the  tube, 
let  the  other  end  be  conne6led  with  the  ground, 
bring  the  former  towards  the  prime  conductor, 
and  flrong  zig-zag  fparks,  attended  with  a  pe- 
culiar noife,  will  pafs  between  the  condudor 
and  the  point. 
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The  reparation  between  the  pieces  of  tin-foil, 
in  experiment  62,  forms  a  reliftance  which  hin- 
ders the  immediate  reception  of  the  eledtric  fluid, 
and  thus,  in  fome  meafure,  prevents  the  com- 
mon adlion  of  the  point  on  the  condudlor ;  or, 
the  power  of  a  point  to  prevent  an  explofion, 
depends  on  it's  having  a  perfect  uninterrupted 
metallic  communication  with  the  earth :  though 
this  is  not  always  fufficient,  as  may  be  feen  by 
exper.  6^,  where  the  fluid  is  concentrated  and 
collected  by  the  non-conduc^ling  fubftance  which 
furrounds  the  point :  a  cafe  flmilar,  in  many 
refpecfls,  to  the  conduBors  which  are  erected 
for  the  prefervation  of  buildings. 

Experiment  lxiv. — Let  any  perfon  fland  on 
the  infulating  fl:ool,  and  conne6t  himfelf  by  wire 
or  chain  with  the  prime  conductor,  he  wdll  then 
exhibit  the  fame  appearances  which  are  obtained 
from  the  condudor,  and  will  attradl  light  bodies, 
give  the  fpark,  &c.  and  thus  afford  a  pleafing 
mode  of  diverflfying  every  experiment.  It  is 
abfolutely  neceflary,  to  the  complete  fuccefs  of 
this  experiment,  that  no  part  of  the  deaths 
touch  the  floor,  table,  &c.  and  that  the  glafs 
feet  be  carefully  dried :  a  fheet  of  dry  brown 
paper  placed  under  the  fl:ool,  will  be  found  of 
coniiderable  fervice,  by  rendering  the  infulation 
more  complete. 

If 
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If  the  infulated  perfon  lays  his  hand  on  the 
cloaths  of  one  that  is  not  fo,  efpecially  if  they 
are  woollen,  they  will  both  feel  as  it  were  many 
pins  pricking  them,  as  long  as  the  cylinder  is 
in  motion. 

Experiment  lxv. — To  fire  fpirits  of  wine 
with  the  electric  fpark,  heat  the  ladle  I,  fig. 
22 y  then  pour  a  fmall  quantity  of  fpirits  of  wine 
into  it,  and  fix  it  by  it's  handle  to  the  end  of  the 
prime  conductor;  or  fire  the  fpirits,  and  blow 
them  out  a  few  minutes  before  the  experiment 
is  made  ;  take  a  fpark  through  the  middle  of  the 
ladle  with  a  brafs  ball,  and  the  fpirits  will  be 
fired  by  it. 

Or  let  a  perfon,  fi:anding  on  an  infulating 
ftool,  and  connedted  with  the  prime  condudior, 
hold  the  ladle  with  the  fpirits  in  his  hand,  and 
let  a  perfon  on  the  floor  take  a  fpark  through 
them,  and  they  will  be  fired.  The  experiment 
anfwers  equally  well,  if  the  perfon  on  the  floor 
holds  the  ladle,  and  the  infulated  perfon  takes 
the  fpark. 

Experiment  lxvi. — The  foregoing  experi- 
ment may  be  agreeably  diverfified  in  the  fol- 
lowing manner.  Let  one  eledlrified  perfon,  {land- 
ing on  an  infulated  ftool,  hold  the  fpirits.     Let 
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another  perfon,  {landing  alfo  on  an  infulated 
ftool,  hold  in  his  hand  an  iron  poker,  one  end 
of  which  is  made  red  hot,  he  may  then  apply 
the  hot  end  to  the  fpirits,  and  even  immerge  it 
in  them  without  firing  them.  But  if  he  put 
one  foot  on  the  floor,  he  may  fet  the  fpirits  on 
fire  with  either  end. 

Experiment  lxvii. — The  fpirits  cannot  be 
kindled  by  the  infulated  perfon,  becaufe,  as  the 
eledric  cannot  efcape  through  him  to  the  earth, 
he  is  incapable  of  drawing  a  fpark  fufficiently 
ftrong  to  inflame  them,  and  hot  iron  will  feldom 
or  never  fet  fpirits  on  fire. 

If  oil  of  turpentine  is  fet  on  fire  in  a  vefTel 
which  is  placed  on  the  conductor,  and  the  fmoke 
is  received  on  a  plate,  held  by  a  perfon  (landing 
on  an  infulated  ftool,  he  will  be  eleQrified  there- 
by, and  enabled  to  fire  fpirits  of  wine,  &c.  If 
the  infulated  perfon  holds  a  brafs  wire  at  the 
top  of  the  flame  of  burning  fpirits  of  wine,  which 
is  connedled  with  the  condu8or,  he  will  alfo  be- 
come eleftrified.  Hence  we  find,  that  either 
fmoke  or  flame  condu6ls  the  electrical  fluid. 

Mr.  Volta  has  fucceeded  in  obtaining  un- 
doubted figns  of  eled:ricity  from  the  fimple  eva- 
poration of  water,  and  from  various  chemical 
efFervefcences. 

Experiment 
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Experiment  lxviii. — Infulate  a  fmall  cruci- 
ble, containing  three  or  four  lighted  coals, 
throw  a  fpoonful  of  water  on  the  coals,  and  in 
a  Ihort  fpace  of  time,  an  eledtrometer,  which 
communicates  with  the  coals  by  means  of  a  wire, 
will  diverge  with  negative  eledlricity. 

From  hence  it  would  feem,  that  the  vapour 
of  water,  and,  in  general,  thofe  parts  of  a  body 
that  are  feparated  by  volatilization,  carry  away 
an  additional  quantity  of  eledric  fluid,  as  well 
as  of  elementary  heat ;  and  that  the  body,  from 
^  which  thofe  volatile  parts  have  been  feparated, 
remains  both  cooled  and  eledlrified  negatively ; 
and  that  thofe,  which  are  refolved  into  a  vo- 
latile elaftic  fluid,  have  their  capacity  for  hold- 
ing common  fire,  and  the  eledlric  fluid  augmen- 
ted* 

Of  Inflammable  Air,  and  the  Pistol  for 

Inflammable  Air. 

A  fpecies  of  air,  which  is  inflammable,  is  fre- 
quently generated  in  coal  mines:  the  air  alfo 
emitted  by  ftirring  the  mud  of  fome  ftanding 
waters,  has  been  found  to  be  inflammably.  Pu- 
trefcent  animal  matter  alfo  emits  this  fluid.  It 
may  be  obtained  by  diftillation  from  wax,  pitch, 
amber,  coals,  and  other  phlogiftic  fubfl:ances. 

The 
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The  following  is  the  mod  convenient  method  of 
procuring  it :  put  fome  fmall  nails  or  iron 
filings  into  the  bottle  r,  fig.  38  ;  cover  thefe 
with  water,  then  add  to  this  a  little  oil  of  vitriol, 
about  one  quarter  of  the  quantity  there  is  of 
water,  put  the  ground  end  of  the  bent  tube  into 
the  mouth  of  the  bottle,  and  pafs  the  other  end 
through  the  water  of  the  bafon  T  into  the  neck 
of  the  bottle  K,  which  is  filled  with  water,  and 
inverted  in  the  bafon ;  the  bottle  K  muft  be  fup- 
ported  during  the  operation :  in  a  little  time  the 
mixture  will  effervefce,  and  emit  a  fluid  which 
will  pafs  through  the  bent  tube,  go  into  the 
bottle  K,  and  at  laft  fill  it  totally,  expelling  the 
water;  the  bottle  is  then  to  be  removed,  and 
corked  as  expeditioufly  as  poffible. 

Fig.  39  reprefents  a  brafs  piftol  for  inflam- 
mable air;  a  b  is  the  chamber  of  brafs,  to  the 
mouth  a  c  of  which  a  cork  is  fitted,  a  perforated 
piece  of  brafs  g  fcrews  on  to  the  bottom  of  this 
chamber,  (this  piece  is  reprefented  by  itfelf  in 
fig.  40)  a  glafs  tube  f  is  cemented  into  the  per- 
foration of  this  piece,  and  a  brafs  wire  is  alfo 
cemented  into  the  glafs  tube ;  one  end  of  this 
wire  is  furnifhed  with  a  ball,  the  other  extremity 
is  bent,  fo  as  to  come  within  about  a  tenth  of 
an  inch  of  the  brafs  piece.  Fig.  41  is  a  brafs 
cap,  which  fcrews  on  the  piftol,  to  prefer ve  the 
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glafs  tube  from  any  accident.  The  air  with 
which  the  piftol  is  to  be  charged  (hould  be  kept 
in  a  corked  bottle  :  take  out  the  cork  and  apply 
in  the  fame  inftant  the  mouth  of  the  piftol  to 
the  opening  of  the  bottle,  and  the  common  and 
inflammable  air  will  mix  together,  becaufe  the 
former  being  heavier  than  the  latter  will  naturally 
defcend ;  keep  the  pifliol  in  this  iituation  about 
1 5  feconds,  then  remove  it,  and  cork  both  the 
bottle  and  piflol  with  the  utmoft  expedition. 

If  the  piftol  is  held  too  long  over  the  tottle, 
and  is  intirely  filled  with  inflammable  air,  it 
wijl  not  explode. 

Description  of  another  Apparatus  for 
MAKING  Inflammable  Air,  and  filling 
THE  Air  Pistol,  &c. 

This  apparatus  confifls  of  the  following  articles. 
I.  A  glafs  funnel. 
2p  A  fmall  glafs  tumbler. 

3.  A  bladder  tied  to  a  ftop  cock. 

4.  A  brafs  pipe  palling  through  a  cork  ;  which 
cork  is  made  tapering,  to  fit  the  neck  of  a  com- 
mon wine  bottle :  the  upper  part  of  the  pipe  has 
a  male  fcrew,  to  fit  the  fcrew  qn  the  lower  end 
<pf  the  fl:op  cock.  , 

5.  An  air  piftol  furniflied  with  a  valve  at 
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the  end  h  fig.  39  ;  the  wire  paffing  through  a 
glafs  tube,  and  to  which  the  fpark  is  to  be 
given,  is  fitted  into  the  fide  of  the  piftol.  At 
the  end  b  of  the  piftol  is  a  male  fcrew  which  fits 
the  lower  end  of  theftop  cock. 

6.  A  box  with  iron  filings. 

7.  A  fmall  meafare  which  will  hold  the  pro-« 
per  quantity  of  iron  fihngs. 

8.  A  brafs  tube  and  hollow  flyer  %  the  lower 
end  of  the  brafs  tube  fits  the  flop  cock^ 

Soak  the  bladder  in  water  which  is  lukewarm, 
in  order  to  foften  it ;  and  then  render  it  pliable, 
by  blowing  air  into  it  and  fqueezing  it  out  again. 
After  this  fcrew  the  conical  pipe  with  the  cork 
into  the  lower  end  of  the  flop  cock,  and  it  is 
ready  for  ufe.  Then  take  a  common  quart 
tvine  bottle,  and  put  into  it  a  little  hot  water^ 
to  warm  it.  Pour  as  much  oil  of  vitriol  into 
the  tumbler,  as  will  about  half  fill  it^  and  mix 
this  in  another  tumbler  with  about  three  times 
the  quantity  of  cold  water.  Throw  the  warm 
water  out  of  the  bottle,  and  put  a  meafure  of 
iron  filings  into  it,  then  pour  the  diluted  vitriol 
through  the  glafs  funnel  upon  the  iron  filings^ 
As  foon  as  the  effervefcence  begins,  put  the 
cork  with  it's  pipe  into  the  neck  of  the  bottle, 
and  the  inflammable  air  which  is  generated  by 
the  mixture,  will  enter  into  and  gradually  fwell 
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the  bladder.  When  this  is  full,  fhut  the  flop 
cock,  and  remove  the  bladder  from  the  botde. 
,  The  bladder  being  thus  filled^  fcrew  the  bot- 
tom of  the  piftol  upon  the  flop  cock  ;  comprefs 
the  bladder,  and  introduce  by  this  means  about 
as  much  inflammable  air,  as  you  judge  will  fill 
one  third  of  it's  capacity,  and  put  the  cork  im- 
mediately into  the  muzzle  of  the  piflol.  To 
form  a  circle  of  fire  with  inflammable  air,  fill 
the  bladder  as  before,  unfcrew  the  conical  tube 
from  the  flop  cock,  and  fcrew  the  brafs  fly  in 
it's  place,  open  the  cock,  and  comprefs  the 
bladder ;  the  air  will  pafs  through  the  fly,  and 
fet  it  in  motion ;  light  the  air  at  the  end  of  the 
pipe,  and  a  beautiful  circle  of  fire  will  be  formed 
by  the  motion  of  the  bent  tube,  and  the  fired  air 
which  ilTues  from  it's  points.  The  piflol  is  fired 
as  in  experiment  69. 

If  too  great  a  quantity  of  inflammable  air  is 
introduced  into  the  piftol,  it  will  not  explode ; 
to  remedy  this,  blow  flrongly  into  the  muzzle  of 
the  piflol,  this  will  force  out  a  quantity  of  the 
inflammable  air,  and  occafion  a  quantity  of  com- 
mon air  to  enter  the  piflol,  which  will  then 
readily  explode. 

The  bottle  fhould  be  taken  into  the  open  air 
and  be  well  wafhed,  as  foon  as  the  bladder  is 
filled. 

5  Experiment 
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Experiment  lxix. — Bring  the  ball  of  the  pif- 
tol,  which  is  charged  with  inflammable  air,  near 
the  prime  conductor,  or  the  knob  of  a  charged 
bottle,  the  fpark  which  palTes  between  the  end  of 
the  wire  f  and  the  piece  g,  fig.  40,  will  fire  the 
inflammable  air,  and  drive  the  cork  to  a  con- 
liderable  diflance.  This  air,  like  all  other,  re- 
quires the  prefence  either  of  pure  air,  or  the 
nitrous  acid,  to  enable  it  to  burn ;  but,  if  it  is 
mixed  with  a  certain  quantity  of  common  air, 
an  explofion  will  take  place  in  palling  the  eledric 
fpark  through  it. 

Mr.  Cavallo  recommends  a  piftol  made  in  the 
following  manner,  to  thofe  who  wifh  to  make 
experimehts  on  theexplolion  of  inflammable  and 
dephlogiflicated  air,  or  with  known  quantities 
of  common  and  inflammable  air.     It  confifl:s  of 
a  brafs  tube,   about  one  inch  in  diameter  and  fix 
inches  long,  to  one  extremity  of  which  a  per- 
forated piece  of  wood  is  fecurely  fitted ;  a  brafs 
wire,  about  four  inches  long,  is  covered,  except 
it's  ends,  firit  with  fealing-wax,  then  with  filk, 
and  afterwards  with   fealing-wax  again.     This 
wire  is  to  be  cemented  in  the  perforation  of  the 
wooden  piece,  fo  as  to  project  about  two  inches 
within  the  tube,   the  refl  is  on  the  outfidc ;  that 
part  of  the  wire,  which  is  within,  is  bent  fo  as  to 
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be  only  about  one  tenth  of  an  inch  from  the  in« 
lide  of  the  brafs  tube.* 

To  ufe  this  piflol ;  fill  it  with,  and  then  in-* 
vert  it  into  a  bafon  of  water ;  make  the  required 
quantity  of  inflammable  and  common  air  in  ano- 
ther velTel,  by  putting  in  known  and  propor- 
tionable meafures  of  each ;  introduce  this  mix- 
ture into  the  piltol,  and  then  ftop  it  with  a  cork, 
take  the  piftol  out  of  the  water,  and  pafs  in  the 
ufual  manner  the  fpark  of  a  charged  jar  through 
it,  and  the  inflammable  air  will  be  fired. 

The  inftruments  for  firing  the  inflammable 
air  with  the  eledlric  fpark,  are  often  made  in  the 
fhapc  of  a  cannon. 


*  Gavallo  on  Air,  p.  818.' 
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.     CHAP,      VI. 

Of  Electrified  Points, 

Experiment   lxx. 

P  RESENT  the  pointed  end  of  a  wire  towards 
a  conductor  which  is  pofitively  eledtrified, 
a  lucid  globular  point  or  ilar  will  appear  on  the 
point,  and  the  eledric  fluid  will  be  evidently 
conveyed  away  and  diflipated  from  the  con^ 
du6ton 

Experiment  lxxi.— Prefent  a  pointed  wire 
towards  a    condudlor  that  is   eleftrified  nega- 
tively ;   a  lucid  cone  or  brufh  will  be  feen  di- 
.  verging  from  the  point,  and  the  quantity  of  fire 
will  be  increafed. 

Experiment  lxxii. — The  lucid  ftar  is  feen  on 
the  colle6ling  points  of  a  pofitive  condu6lor, 
while  a  diverging  cone  will  appear  on  a  point 
placed  at  the  end  of  the  conducflor. 

To  determine  the  diredlion  of  the  eledlric 
fluid,  has  ever  been  an  object  of  coniiderablc 
importance  to  the  eleftrician;  as  it  would 
pnable  him  to  decide  on  the  truth  of  thofe  theo- 
ries. 
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ries,  which  have  been  invented  to  account  for 
it's  phaenomena,  and  greatly  alTifl:  him  in  the 
progrefs  of  future  difcovery :  To  this  end  much 
ftrefs  has  been  laid  on  the  different  appearance 
of  the  light,  which  is  perceived  on  the  pointed 
ends  of  eledirificd  conducting  fubftances ;  as  thefe 
have  been  fuppofed  to  elucidate  fully  this  in- 
terefling  queftion. 

The  eledlic  fluid  appears  as  a  diverging  llrcam 
darting  forwards  into  the  air,  from  a  point  elec- 
trified politively.  The  luminous  appearance  on 
a  point  negatively  eledrified,  is  that  of  a  fmall 
little  globule  or  ftar. 

Now,  as  the  air  is  known  to  refill  the  mo- 
tion of  the  eledlric  fluid,  the  rays  of  it  would  by 
this  refiftance  be  made  to  diverge;  therefore, 
when  this  fluid  is  darting  from  a  point  into  the 
air,  it  v/ill  afllime  the  form  of  a  lucid  cone  or 
brufii,  which  is  agreeable  to  experiments  71 
and  72. 

To  this  it  has  been  objedled,  that  thefe  rays 
may  poilibly  be  converging  from  fo  many  points 
in  the  air  towards  the  point,  and  not  diverging 
from  it ;  but,  as  there  does  not  appear  any  reafon 
why  a  vifible  ray  fhould  break  out  from  one 
place  in  the  atmofphere  more  than  another,  the 
former  account  feems  more  conformable  to  na^ 
ture,  and  the  known  laws  of  other  fluids.     The 

air 
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air  refills  the  motion  of  the  elec^tric  fluid  equally^ 
Therefore,  when  this  fluid  is  coming  from  the 
air  towards  a  pointed  conductor,  it  would  per- 
colate flowly  and  invifibly  through  the  air,  but 
equally  on  all  fides,  till  it  comes  ib  near  as  to  be 
able  to  break  through  the  intermediate  fpace; 
but  as  this  will  be  equal  or  nearly  fo  all  around, 
the  negative  elediricity  mufb  appear  like  a  fleady 
luminous  globule  on  the  point.*  Notwithftand- 
ing  the  apparent  probability  of  the  above  rea- 
foning,  it  may  fl:ill  be  objeQ:ed,  that  no  decifivc 
conclufion  can  be  drawn  from  thefe  appearances, 
as  they  may  be  varied  by  augmenting  or  dimi- 
nifhing  the  volume  of  the  pointed  body,  and  by  a 
variety  of  other  circumfl'ances. 

Experiment  lxxiii. — A  lucid  cone  appears 
on  the  colledlor  of  a  negative  condudor,  and  a 
lucid  fl:ar  on  a  point  placed  at  the  oppofite  end 
of  the  conductor. 

Experiment  lxxiv. — Bring  an  excited  glafs 
tube  near  a  point  that  is  fixed  at  the  end  of  a 
pofitively  eledlrified  condu6lor,  and  the  luminous 
brufh  will  be  turned  out  of  it's  diredlion  bv  the 
action  of  the  excited  tube  ;  if  the  tube  is  held  di- 
lfQ.]y  oppofite  to  the  point,  the  brulh  will  vaniili. 

O  Experiment 

*  Encyclopedia  Britaniiica,  p,  2699* 
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Experiment  lxxv. — Fix  the  point  to  the  end 
of  the  negative  conductor,  the  lucid  ftar  will  turn 
towards  the  excited  tube. 

Thefe  two  experiments  coincide  with  and 
confirm  experiments  70,  71^  72,  73,  and  lead 
to  the  fame  concluiion,  viz.  that  the  hrufli  is 
a  fign  of  pofitive,  and  the  flar  an  indication 
of  negative  eledlricity,  which  is  {lill  furthei; 
confirmed   by  the  following  experiment. 

Experiment  lxxvi. — Put  a  wire,  W'hich  has 
a  ball  at  one  end,  into  the  hole  at  the  end  of  a 
politive  conductor,  place  a  lighted  candle  fo  that 
the  mJddle  of  the  flame  may  be  even  with  the 
middle  of  the  ball,  and  about  an  inch  from  it ; 
turn  the  machine,  and  place  the  fame  wire  at 
the  end  of  the  negative  conductor,  the  appear- 
ance will  be  reverfed,  and  the  knob  will  foon  bej 
heated  by  the  flame  of  the  candle  which  is  carried 
towards  it. 

Experiment  lxxvii.— ^Fix  a  pointed  wire 
in  the  hole  on  the  upper  flde  of  the  condu6lor, 
then  place  the  center  of  the  brafs  crofs  K,  fig  34, 
upon  the  point,  the  ends  of  which  x:rofs  are  all 
bent  one  way  ;  eledlrify  the  conducT:or,  and  the 
crofs  will  turn  upon  it's  center  with  great  rapidity. 

If 
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If  the  room  be  darkened,  a  circle  of  light  will  be 
formed  by  the  eledric  fluid  on  the  points  of  the 
wires.  The  re-adlion  of  the  air  on  the  diverging 
cone  of  electric  matter  gives  the  retrogade  motion 
to  the  points  of  the  wire. 

The  fly  turns  round  in  the  fame  direftion^ 
whether  it  is  eledrified  negatively  or  pofTtively  ; 
though  it  will  not  move  in  vacuo,  unlefs  the  fin- 
ger, or  fome  other  conductor,  is  applied  to  the 
glafs  receiver  oppofite  to  one  of  the  points,  in 
will  then  begin  to  move,  and  continue  to  do  fo 
brilkly  till  the  glafs  is  charged. 

Experiment  lxxviii.— Electrify  the  two 
infulated  wires  M  N,  o  P,  'fig.  35,  and  the 
refinance  of  the  air  againfl:  the  eledric  ftream, 
from  the  point  of  the  fly  L,  (the  axis  of  which 
rolls  on  the  wires)  will  force  the  fly  up  the 
declivity  of  the  inclined  plane  M  N,  o  P. 

Experiment  lxxix. — Fig.  2^  reprefents  a 
fmall  crane,  which  will  move  from  the  fame 
caufe  as  the  foregoing,   and  raife  a  fmall  weight* 

Experiment  lxxx. — Several  flyers  may  be 
made  to  turn  at  the  fame  time,  fee  fig.  37,  and 
many  other  pleafing  experiments  may  be  con-. 
trived  on  the  fame  principle ;  or,  the  flyers  may 

O2  be 
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be  placed  one  above  another,  diminiihing  gra^ 
dually  in  fize,  and  forming  when  elecflriiied  a 
iaminous  cone  ;  the  circles  of  light  v/ili  be  more 
ferilliantj  if  the  ends  of  the  wires  are  covered 
with  a  thin  coating  of  greafe,  fealing-  wax,  of 
fiilphur. 

Experiment  ivxxxi.- — Immerge  a  metariic 
point  in  a-  metal  velTcl  nearly  filled  with  oil  of 
vitriol,  and  placed  on  an  eledlrified  condudor, 
fcarce  any  fpark  will  pafs  to  the  point,  although 
it  is  held  very  near  the  bottom  of  the  velTel.  If 
this  is  filled  with  eflfential  oil  of  turpentine,  a  fmall 
light  may  be  feen  from  time  to  time  in  the  body 
of  the  fluid.  If  common  oil  is  ufed,.  the  point 
wilt  take  flrong  fparks,  and  the  eledric  fluid,  iit' 
endeavouring  to  reach  it,  will  occaiion  an  ebulli- 
tion in  the  oil. 

So  that  the  elecflric  fpark  depends  in  a  greas 
meafure  on  the  condu8:ing  power  of  the  mediunl^ 
through  which  it  paffes. 

If  fmall  boats  or  little  fwans,  &c.  are  made 
©f  cork  or  light  wood,  they  may  be  attradled^ 
and  made  to  fwim  in  any  diredlion,  by  apply- 
ing a  finger  towards  them ;  a  fine  needle  ftuck 
into  the  end  of  the  boats,  in  the  manner  of  a 
bowTprit,  Vv^ill  caufe  them  to  be  repelled  from 
the  hand  held  over  it^  and  they  may  be  (leered 
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by  it>  ftern  foremoll,  to  what  point  of  the  com- 
pafs  you  pleafe.  The  boats  might  have  the 
addition  of  fails  to  them,  and  might  then  be 
made  to  move  brifkly  before  an  eleQrical  gale, 
from  the  point  of  a  wire  held  in  the  hand. 

The  operator  in  thefe  tricks  would  certainljr 
be  looked  upon  as  a  magician,  if  the  eledlrical 
machine  is  kept  out  of  light.  But  a  more  flrik* 
ing  light,  would  be  a  number  of  thefe  boats> 
with  each  of  them  a  twirling  fly,  about  an  inch 
in  length,  fixt  to  the  top  of  the  mall ;  the  hand 
held  aver  them  would  fet  them  all  in  motion :  in 
the  dark,  they  would  appear  as  fo  many  rings  of 
fire,  moving  in  various  courfes,  and  following  the 
hand  in  any  direction. 

When  a  few  young  perfons  hare  nothing  elfe 
to  do,  they  might  very  innocently  amufe  them- 
felves,  by  making  a  reprefentatico  of  a  kind  of 
fea-engagement  between  thefe  boats,  Suppoling 
each  erf  them  large  enough  to  hold  afmall  coated 
phial  without  linking,  thefe  phials  may  be- 
ehargcd,  fome  of  them  politively  on  the  inTide, 
others  negatively ;  they  may  then  be  placed  at  the 
bow  of  the  boat,  with  the  wire  ball  and  uncoated 
part  of  the  phial  projeding  over  ;  a  fmall  brafs 
chain  Ihould  be  made  to  touch  the  outward  coat- 
ing of  the  phial,  and  the  other  end  brought  ovei: 
the  ftcrn  of  thQ  bo^t,  and  hang  fo  as  to  touch  the 

water* 
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water.  The  boats  being  then  put  into  a  trough 
of  water,  and  pretty  highly  charged,  they  will 
foon  be  in  motion  ;  thofe  that  are  eledrified  alike, 
will  repel  each  other;  and  thofe  poflefledofa 
contrary  eledricity,  will  be  attraded,  till  the 
balls  of  the  two  phials  approach  pretty  near  to- 
gether ;  they  will  then  difcharge  their  contents 
with  a  loud  explofion,  and  the  boats  will  after- 
wards fheer  from  each  other.* 

When  the  eledlric  fluid  percolates  a  wooden 
point,  the  ftream  or  cone,  which  ilTues  from  it, 
feems  diluted,  and  fomething  limilar  to  the  pur- 
ple ele6lric  light,  which  is  obtained  in  vacuo. 
The  acflion  of  the  electric  fluid  on  the  air,  by  an 
cled:rified  point,  produces  a  fenfible  aura,  or 
wind,  of  fufficient  force,  as  is  feen  above,  to 
put  light  bodies  in  motion,  or  difturb  the  flame 
of  a  candle,  and  occafion  an  undulation  in  the 
fluids  :  the  acl:ion  of  the  fluid  is  fo  modified  by 
points,  as  to  produce  an  agreeable  fcnfation, 
refembling  a  gentle  breathing :  this  fenfation 
may  be  rendered  more  or  lefs  ftimulating,  by  the 
refiftance  the  fluid  meets  with  in  it's  action  on 
our  bodies,  an  efFe6l  which  is  prodmflive  of  great 
advantages  in  medical  eledricity. 

*  Becket's  EfTay  on  Eleftricity,  p.  36. 
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CHAP.     VII. 

Of  the  Leyden  Phial. 

THE  experiments  upon  the  Leyden  phial 
are  fome  of  the  moft  interefting  in  elec- 
tricity ;  they  excited  the  attention  of  the  phiio- 
fopher  to  this  fiibjedt  more  than  any  other  expe- 
riment, and  are  Ifill  viewed  with  wonder  and 
furprize. 

The  phaenomena  attending  this  very  extra- 
ordinary experiment  Teemed  totally  inexplicable, 
till  they  were  elucidated  by  the  ingenious  theory 
of  Dr.  Franklin ;  which,  in  a  plain  and  clear 
manner,  accounts  for  mod  of  the  difficulties 
which  attend  this  intricate  branch  of  eledlricity ; 
and  accommodates  itfelf  fo  eafily  and  fatisfadlorily 
to  a  variety  of  appearances,  as  to  make  us  almoft 
lofe  fight  of  the  objections  againftit. 

Experiment  lxxxii. — Place  the  brafs  ball  of 
a  coated  jar  in  contadt  with  the  prime  conduftor 
while  the  outlide  communicates  with  the  table, 
turn  the  cylinder,  and  the  bottle  will  in  a  little 
time  be  charged,  or  modify  the  eledric  fluid  in 
a  peculiar  manner.  To  difcharge  the  jar,  or 
reftore  it  to  it's  natural  ftate,  bring  one  end  of 

a  con- 


tt2  AnEssaygn 

a  conducing  fubflance  in  contadl  with  theoutfid^ 
coating,  and  let  the  other  be  brought  near  the 
knob  of  the  jar  which  communicates  with  the 
infide  coating,  a  flrong  explolion  will  take  place, 
the  eleiflric  light  will  be  vifible,  and  the  report 
very  Joud. 

Experiment  lxxxiii. — ^Charge  the  Leyden 
bottle,  then  touch  the  outlide  coating  with  one 
hand,  and  the  knob  with  the  other,  the  bottle 
will  be  difcharged,  and  a  fudden  peculiar  fenfa- 
tion  will  be  perceived,  that  is  called  the  eled:ric 
fliock.  The  fliock,  when  it  is  taken  in  this  man- 
ner, generally  afFedls  the  wrifts,  elbows,  and 
breaft  :  when  the  ftiock  is  ftrong,  it  refembles  an 
univerfal  blow.  This  peculiar  fenfation  is  proba- 
bly owing  to  the  two-fold  and  inftantaneous  ac- 
tion of  the  eleclric  fluid,  which  enters  and  goes  out 
of  the  body,  and  the  various  parts  through  which 
it  paffes,  at  one  and  the  fame  inflant.  It  has  been 
alfo  obferved,  that  nature  has  appointed  a  certain 
modification  of  the  ele£lric  fluid  in  all  terrefl:riai 
bodies,  which  we  violate  in  our  experiments; 
"when  this  violation  isfmall,  the  powers  of  nature 
operate  in  a  gentle  manner  to  re6lify  the  diforder 
we  have  introduced ;  but  when  the  deviation  is 
coniiderable,  the  natural  powers  reflore  the 
original  conftitution  with  extreme  violence. 

If 


Electricity.  113 

If  fcveral  perfons  join  hands,  and  the  firft 
touches  the  outfide  of  a  charged  jar,  and  the  laft 
the  knob,  the  bottle  will  be  difcharged,  and  they 
will  all  feel  the  fhock  at  the  fame  inftant ;  but  the 
greater  the  number  of  perfons  that  join  hands  to 
take  a  fhock,  the  weaker  it  is. 

The  force  of  the  (hock  is  in  proportion  to  the 
quantity  of  coated  furfaces,  the  thinnefs  of  the 
glafs,  and  the  power  of  the  machine ;  or,  the 
effedl  of  the  Leyden  phial  is  increafed,  in  pro- 
portion  as  we  deftroy  the  equilibrium  on  the 
furfaces. 

A  given  quantity  of  eledlricity,  impelled 
through  our  body  with  a  given  force,  produces 
a  weaker  fenfation,  than  twice  that  quantity 
impelled  with  half  that  force,  and  confequently 
the  flrength  of  the  fhock  depends  rather  more 
on  the  quantity  of  fluid,  which  paffes  through 
our  body,  than  on  the  force  with  which  it  is  im- 
pelled. Yet,  the  force  of  an  exploiion  feems  to 
depend  more  on  the  degree  to  which  the  fluid  is 
comprefled,  than  on  the  quantity  ;  hence  a  fmall 
phial  fully  charged  will  a6l  nearly  as  fl:rong  as  a 
larger  jar  which  is  half  charged. 

If  a  charged  jar  is  coated  very  high,  it  will 
difcharge  itfelf  before  it  has  received  near  the 
charge  it  would  take  if  the  coating  was  lower. 
If  it  is  coated  very  low,  this  part  of  the  furface 

P  may 
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may  be  charged  very  high,  but  a  confiderable 
part  of  the  glafs  is  not  charged  at  all. 

When  ajar  is  charged  very  high,  it  will  often 
explode  or  difcharge  itfelf  over  the  glafs  from  one 
coated  fiirface  to  the  other ;  or,  if  the  glafs  is 
thin,  it  will  make  a  hole  through  it,  and  fwell 
the  coating  on  both  fides,  the  glafs  in  the  hole 
will  be  pulverized,  and  very  often  a  variety  of 
fiiTures  will  proceed  from  it  in  various  dire(^ions. 

A  Leyden  jar  very  often  recovers  it's  eledlricity, 
in  a  fmall  degree,  after  a  difcharge  has  been 
made ;  this  fecond  explofion  is  called  the  reii- 
duum  of  a  charge. 

The  form  or  fize  of  the  glafs  is  no  ways  material 
to  the  receiving  of  a  charge. 

To  avoid  receiving  the  eleftric  fhock,  be 
careful  never  to  touch  the  top  and  bottom  of  the 
jar  at  the  fame  time,  and  never  to  enter  a  circuit 
formed  between  the  infide  and  outfide  of  a  jar ; 
for  the  effect  of  the  Leyden  phial  depends  entirely 
on  the  reciprocal  ad:ion  of  the  two  furfaces,  and 
does  not  take  place,  when  either  is  touched  fepa- 
rately.  By  attending  to  this  obfervation,  jars  of 
any  fize  may  be  handled  with  fafety.  Indeed, 
the  human  frame  makes  fo  little  refiftance  to 
the  free  pafTage  of  this  fubtle  agent,  that  no 
other  inconvenience  will  attend  a  Ihock  from  a 

common- 
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common-fized  charged  jar,  than  a  tranfient  difa<* 
greeable  fenfation. 

Touch  the  knob  of  a  charged  jar,  no  ihock 
will  enfue ;  but  the  finger,  or  part  that  touches 
the  ball  of  the  jar,  will  be  affedled  with  a  Iharp 
fenfation,  as  if  it  had  been  pricked  with  a  needle. 
The  difcharge  is  filent  and  without  an  explofion, 
when  the  communication  between  the  two  fides 
of  the  jar  is  made  by  imperfedl  conductors. 

A  charged  phial  fet  upon  eledlric  fubflances, 
may  be  taken  hold  of  without  danger,  either  by 
the  coating  or  the  wire  ;  a  fmall  fpark  only  will 
proceed  from  either. 

Dr.  Franklin's    Theory    of    the    Leyden 

Bottle. 

Glafs  is  fuppofed  to  contain  at  all  times,  on 
it's  two  furfaces,  a  large  quantity  of  the  eledlric 
fluid,  which  is  fo  difpofed,  that,  if  you  increafe 
the  quantity  on  one  fide,  the  other  muft  throw 
off  an  equal  proportion ;  or,  when  one  fide  is 
pofitive,  the  other  muft  be  negative.  Now,  as 
no  more  of  the  eledlric  fluid  can  be  forced  on. 
one  fide,  than  can  go  off  on  the  other,  there  is 
no  more  in  the  bottle,  after  it  i's  charged,  than 
was  there  before ;  the  quantity  is  neither  in- 
creafed  or  lefTened  on  the  whole,  though  a  change* 
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niay  be  made  ia  it's  place  and  lltuation ;  i.  e.  we 
may  throw  an, additional  quantity  on  one  of  it's 
fides,  if,  at  the  fame  time,  an  equal  quantity 
can  efcape  from  the  other,  and  not  otherwife. 
That  this  change  is  efFedled  by  lining  parts  of 
it's  two  furfaces  with  a  non-eledtric ;  through  the 
mediation  of  which,  we  are  enabled  to  convey 
the  eledlric  fire  to  every  phyfical  point  of  the 
furface  we  propofe  to  charge,  where  it  exerts  it's 
activity  in  repelling  the  eledlric  particles  natu- 
rally belonging  to  the  other  fide ;  all  of  which 
have  an  opportunity  of  efcaping  by  the  lining 
in  contact  with  this  furface,  which,  for  that 
purpofe,  mufl"  communicate  with  the  earth : 
when  the  whole  quantity  belonging  to  this  fur- 
face has  been  difcharged,  in  confequence  of  an 
equal  quantity  thrown  upon  the  other  furface, 
the  bottle  is  charged  as  much  as  it  can  poffibly 
be.  The  two  furfaces  are  at  this  time  in  a  ftate  of 
violence;  the  inner,  or  poiitlve  fide,  flrongly 
difpofed  to  part  with  it's  additional  fire ;  and  the 
outer,  or  negative  fide,  equally  deiirous  to  attract 
what  it  has  loft ;  but  neither  of  them  capable  of 
having  a  change  in  it's  flate  effeded,  without  the 
equal  andcoremporary  participation  of  the  other. 
That  notwithftanding  the  vicinity  of  thefe  two 
furfaces,  and  the  ftrong  difpolition  of  the  eledric 
-fluid  contained  in  one  of  them,  to  communicate 

it's 
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it's  fuperabundancc  to  the  other,  and  of  that  to 
receive  it,  yet  there  is  an  impenetrable  barrier 
between  them ;  for  fo  impermeable  is  glafs  to 
the  eledric  fluid,  (though  it  permits  one  lide  of 
it  to  a61:  upon  the  other,)  that  it's  two  furfaces 
remain  in  this  flate  of  contrariety,  till  a  commu- 
nication is  formed  between  them,  ah  extra,  by  a 
proper  conductor,  when  the  equilibrium  is 
fuddenly  and  violently  reftored,  and  the  electric 
fluid  recovers  it's  original  ftate  of  equality  on  the 
two  fides  of  the  glafs. 

The  Leyden   Phial  considered   in    a    dif*. 
FERENT  Point  of   View% 

We  have  already  fhewn,  that  whenever  a 
quantity  of  the  eleftric  fluid  is  brought  within  a 
certain  diflance  of  the  furface  of  any  body, 
(whether  metal,  wood,  or  glafs,)  it  will  always 
produce  on  that  body  a  contrary  eleclricity ;  and 
this  more  readily,  and  permanently,  when  the 
body  has  a  communication  with  the  earth. 

The  equilibrium  will  not  be  reftored  fo  long 
as  the  power  continues  of  the  fame  force,  and 
a6ling  at  the  fame  diftance ;  but  the  nearer  this 
power  is  brought  to  the  furface,  the  greater  is 
the  effedl  it  will  produce.  It  has  alfo  been  fhewn, 
that  the  eledtric  fluid  will  communicate  thefc 
2  pQWxrs 
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powers  through  glafs,  nearly  as  well  as  through 
air. 

Now  as  glafs  refifls   the  pafTage  of  the  fluid 
'  more  than  wood  or  metal,  the  fluid  will  be  longer 
in  paiTing  through  a  given  length  of  glafs,  than 
through  the  fame  length  of  wood  or  metal. 

But  by  means  of  the  metallic  coating  on  one 
fide  of  the  glafs,  the  eledric  fluid  is  placed  in 
the  moil:  advantageous  fituation  for  producing  a 
ftrong  and  uniform  adlion  on  the  contrary  fide, 
on  which  the  refinance  is  lefTened  with  as  great 
advantages  by  the  other  metallic  coating,  which 
is  connected  with  the  earth  ;  and  this  contrariety 
will  continue  till  the  equilibrium  is  reftored  by 
connecling  the  oppolite  fide  with*i  conaudtor. 

When  an  eledric  is  excited,  the  two  powers 
are  faid  to  be  feparated  :  they  are  alfo  known  to 
repel  their  own  particles,  and  attradl  the  con- 
trary. When  one  fide  of  a  jar  is  inade  politive^ 
may  it  not  repel  the  pofitive  eledricity  from  the 
other  fide,  feparating  it  from  the  negative,  which 
is  ffrongly  attracted  through  the  glafs  ? 

The  out  fide  of  the  jar  cannot  then  be  faid  tp 
be  deprived  of  it's  electricity,  but  only  has  it's 
fluid  changed ;  and  when  the  fluids  are  feparated, 
they  are  ever  eager  to  conjoin  again.* 

Combined 

*  See  Eeles's  Philofophical  Effays  \  Wilfon's  Short  Viewf 
of  Eleftricity ;  and  Milner'§  Qbfervations  on  Ele6lncity, 
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Combined  Apparatus. 

The  apparatus  rcprefcnted  fig.  49,  will  be 
found  exceedingly  convenient  for  making  a  va- 
riety of  experiments  on  the  Leyden  phial.  I 
have  endeavoured  to  combine  the  parts  of  it  in 
fuch  manner,  as  to  render  the  apparatus  exten- 
lively  ufcful,  without  being  complicated.  A  is 
an  infulatcd  pillar  of  glafs,  which  is  fere  wed  to 
the  wooden  foot  B  :  all  the  different  parts  of  the 
apparatus  may  be  fere  wed  alternately  on  this 
pillar.  C  is  an  exhaulred  tube  of  glafs,  furnifhed 
at  each  end  with  brafs  caps :  at  the  end  D  is  a 
valve,  properlpfecured  under  the  brafs  plate; 
a  brafs  wire,  with  a  ball,  projects  from  the  up- 
per cap ;  a  pointed  wire  proceeds  from  the 
bottom  plate ;  this  tube  is  called  the  luminous 
conductor.  The  flafk,  reprefented  at  E,  is  cal- 
led the  Leyden  vacuum.  It  is  furnifhed  with  a 
valve  under  the  ball  E ;  this  ball  unfcrews,  in 
order  to  come  more  readily  at  the  valve  :  a  wire, 
with  a  blunt  end,  projeds  a  little  below  the  neck 
of  the  flafk ;  the  bottom  of  the  flafk  is  coated 
with  tin-foil :  a  female  fcrew  is  cemented  to  the 
bottom,  in  order  to  fcrew  it  on  the  pillar  A. 

F  is  a  fyringe  to  exhauft  the  air  occafionally, 
cither  from  the  luminous  condudor,    or  the 

Leyden 
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Ley  den  vacuum.  To  do  this,  unfcrew  the  ball 
of  the  Leyden  vacuum,  or  the  plate  of  the  lumi- 
nous condu8:or,  and  then  fcrew  the  fyringe  in 
the  place  of  either  of  thefe  pieces,  being  careful 
that  the  bottom  of  the  female  fcrew  G  bears  clofe 
againfl;  the  leather  which  covers  the  flioulders  a 
b,  c  d,  then  work  the  fyringe,  and  in  a  fev/ 
minutes  the  glalTes  will  be  fufficiently  exhaufted. 
H  and  I  are  two  Leyden  bottles,  each  of  which 
has  a  female  fcrew  fitted  to  the  bottom,  in  order 
that  they  may  be  conveniently  fcrewed  on  the 
pillar  A.  The  bottle  H  is  furnifhed  with  a  belt, 
that  it  may  be  fcrewed  fideways  on  the  pillar  A. 
K  and  L  are  two  fmall  wires,  which  are  to  fcrew 
occalionally  into  either  the  balTC,  the  knobs  e 
or  f,  the  cap  c,  or  the  focket  g,  on  the  top  of 
the  pillar:  the  balls  may  be  unfcrewed  from 
thefe  wires,  which  will  then  exhibit  a  blunt 
point.  M  is  a  wooden  table  to  be  fcrewed  on 
the  glafs  pillar  occalionally. 
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Experiments  ON  Charging  and  Discharging 
THE  Leyden  Phial,  intended  to  elucidate 
AND  confirm  Dr.  Franklin's  Theory. 

Experiment  lxxxiv. — Screw  a  Leyden  phial^ 
whofe  coating  is  free  from  points,  upon  an  infu- 
lated  (land,  and  place  it  fo  that  it's  knob  may- 
be in  contad  with  the  conducftor,  taking  care  that 
no  conducting  fubftance  is  near  the  coating  of  the 
jar;  turn  the  cylinder  round  a  fufpcient  number 
of  times  to  charge  th^  phial,  then  examine  it 
with  a  difcharging  rod,  and  you  will  find  it  had 
received  no  charge ;  which  fhews  clearly,  that 
except  the  elcdtric  fluid  can  efcape  from  one  fide 
of  the  jar,  it  calPreceive  none  on  the  other.  If 
there  are  any  points  on  the  coating,  or  damp  on 
the  ftand,  the  fluid  will  be  carried  off  by  them, 
and  the  jar  will  receive  a  fmall  charge.  The  air, 
which  furrounds  the  coating,  will  alfo  fometimes 
carry  offa  fmall  quantity  of  eledlricity. 

Experiment  lxxxv.— Place  the  fame  infu^ 
lated  phial  fo  that  it's  knob  may  be  about  half  an 
inch  from  the  condu6ior,  and  while  the  cylinder 
is  turning,  hold  a  brafs  knob  near  the  coating  of 
the  jar  ;  this  knob  will  receive  a  fpark  from  the 
coating  for  every  one  that  pafTes  between  the 
jconduc^lor  and  the  knob,  and  the  jar  will  in  a 

Q  litik 


12^ 


An   Essay    on 


little  time  be  charged,  by  adding  eledlricity  to 
one  fide,  and  taking  it  away  from  the  other* 

Experiment  lxxxvi. — Screw  the  phial  a,  fig, 
42,  on  the  infijiated  pillar  d,  and  bring  it*s  knob 
in  contadwith  the  condudlori  hold  another  bottle 
G,  of  the  fame  fize  with  a,  fo  that  it's  knob  may 
be  in  contadl  with  the  outfide  coating  of  the  bot^ 
tie  a;  turn  the  cylinder,  and  when  the  bottle  a 
is  charged,  place  c  on  the  table,  then  unfcrew 
a  from  it's  fiand,  and  place  it  alfo  on  the  table, 
but  at  fome  difiance  from  the  other;  fit  a  brafs 
ball  to  the  bottom  fiem  of  the  quadrant  elec- 
trometer, and  hold  the  eledrometcr  by  a  filk 
firing,  fo  that  the  brafs  ball  na^  touch  the  knob 
of  the  bottle  J  obferve  at  what  height  the  index 
of  the  electrometer  flands,  and  then  remove  it 
to  the  other  bottle,  which  will  raife  the  index  to 
the  fame  height ;  fhewing  clearly,  that  the  bottle 
has  thrown  off  from  the  outfide  as  much  elec-, 
tricity  as  it  received  on  the  infidc. 

Experiment  lxxxvii.— Place  the  kiiobof  an 
infulated  bottle  in  contad:  with  a  pofitive  con- 
ductor, and  connc6l  the  outer  coating  with  the 
cufhion,  or  a  negative  conductor,  turn  the  cy- 
linder, and  the  bottle  will  be  charged  with  it's 
pwn  elctflricity ;    the    fluid  from   the   exterior 

coating 
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coating  being  transferred  to  the  interior  one; 
the  bottle  is  charged  in  this  inftance  without 
any  communication  with  the  earth. 

Experiment  lxxxviii. — Charge  the  two 
bottles,  fig.  43,  pofitively;  conned:  their  out- 
fide  coatings  by  a  wire  or  chain^  then  bring  their 
knobs  together,  there  will  be  no  fpark  between 
them,  and  the  bottles  will  not  be  difcharged^ 
becaufe  neither  llde  has  any  thing  to  communi- 
cate to  the  other. 

Experiment  lxxxix. — -Charge  the  infulated 
bottle,  fig.  43,  negatively,  and  the  other  pofi- 
tively ;  conned?^e  coating  by  a  chain,  and  bring 
the  knobs  towards  each  other,  an  exploiion  will 
take  place,  and  the  bottles  will  be  difcharged. 
If  a  lighted  candle  is  placed  between  the  knobs^ 
the  explofion  will  be  made  through  the  flame  in 
a  beautiful  manner,  and  at  fome  inches  diflance. 
See  fig.  44^ 

Experiment  xc. — Fix  a  quadrant  eleBro- 
meter  to  the  ball  of  a  Leyden  bottle,  and  charge 
it  negatively;  when  it  has  received  a  full  charge, 
the  index  will  ftand  at  90  degrees ;  then  place 
the  bottle  with  it's  electrometer  at  the  pofitive 
conductor,  turn  the  cylinder,  the  electrometer 

0^2  will 
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will  defcend,  and  the  bottle  will  be  difcharged 
by  the  contrary  eledricity. 

Experiment  xci.— Infulate  twa  Leyden  bot- 
tles ;  let  their  coatings  be  in  contad,  and  while 
you  charge  the  iniide  of  one  pofitively,  let  a 
perfon,  Handing  on  the  floor,  touch  the  top  of 
the  other  with  his  finger,  and  it  will  be  charged 
negatively. 

Experiment  xgii. — -LM,  fig.  45,  reprefenSs 
a  Leyden  jar,  which  is  furnifhed  with  moveable 
coatings  of  tin ;  the  inner  one,  N,  may  be  re- 
moved by  the  filk  ftrings  f,  g,  h  j  the  jar  may  be 
taken  from  it's  outer  coating.     *• 

Charge  the  jar,  and  then  remove  the  coatings, 
bring  a  pair  of  pith  balls  towards  the  jar,  and 
they  will  be  ftrongly  attra8ed  by  it ;  replace  the 
coatings,  and  the  jar  will  give  a  confiderable 
fhock ;  v/hich  (hews,  that  the  power  or  force  of 
the  charge  is  refident  in  the  glafs,  and  not  in  the 
coatings. 

Experiment  xciii. — T  V.  fig.  46,  reprefent* 
a  bottle,  whofe  exterior  coating  is  formed  of 
fmall  pieces  of  tin-foil,  placed  at  a  little  diflance 
from  each  other.  Charge  this  botde  in  the  ufual 
manner,  and  ftrong  fparks  of  eledlricity  will  pafs 

from- 
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from  one  fpoc  of  tin-foil  to  the  other,  in  a  va- 
riety of  diredions  ;  the  feparation  of  the  tin-foil 
making  the  paliage  of  the  fluid  from  the  outlide 
to  the  table  vifible.  Difcharge  this  bottle,  by 
bringing  a  pointed  vare  gradually  near  the  knob, 
and  the  uncoated  part  of  the  giafs  between  the 
fpots  will  be  plealingly  illuminated,  and  the 
noife  will  referable  that  of  fmall  fired  crackers. 
If  the  jar  is  difcharged  fuddenly,  the  whole  out-* 
lide  furface  appears  illuminated.  To  produce 
thefe  appearances,  the  glafs  muil  be  very  dry. 

Experiment  xciv. — String  a  parcel  of  (hot  on 
a  filk  firing,  leaving  a  fmall  fpace  between  each 
of  them;  fufpend  this  from  the  condudlor,  fo 
that  it  may  reach  the  bottom  of  a  coated  phial, 
which  is  placed  on  an  infulated  fland ;  conneft 
another  firing  of  fhot  to  the  bottom  of  the  jar, 
and  let  it  communicate  with  the  table,  turn  the 
machine,  and  a  vivid  fpark  will  be  f^en  betweea 
each  of  the  fhot,  both  within  and  without  the 
bottle,  as  if  the  fire  palTed  through  the  glafs. 

Experiment  xcv. — Hold  a  phial  in  the  hand 
which  has  no  coating  on  the  outfide,  and  prefent 
it's  knob  towards  an  eledrified  condudor ;  the 
fire,  while  it  is  charging,  will  pafs  from  the  out- 
fide to  the  hand^  in  a  pleaiing  manner ;  on  the 

difcharge. 


126  An    Essay    o  u 

difcharge,  beautiful  ramifications  will  proceed 
from  that  knob  of  the  difcharger  which  is  on  the 
outfide  all  over  the  jar* 

Experiment  xcvi.— Let  a  chain  be  fufpended 
from  the  condudlor  and  pafs  into  an  uncoated 
bottle,  fo  that  it  does  not  touch  the  bottom; 
put  the  machine  in  a(fl:ion,  and  the  chain  will 
move  round,  in  order,  as  it  were,  to  lay  the  fire 
on  the  infide  of  the  jar,  and  thus  charge  it  by 
degrees. 

Experiment  xcvii. — Fig.  47  reprefents  two 
Leyden  phials,  placed  one  over  the  other.  Va-^ 
rious  experiments  may  be  made  with  this  double 
bottle,  which  are  very  pleaiing,  and  elucidate 
clearly  the  received  theory. 

Bring  the  outiide  coating  of  the  bottle  A  in 
contacft  with  the  prime  condudor,  and  turn  the 
machine  till  the  bottle  is  charged,  then  place 
one  ball  of  the  difcharging  rod  upon  the  coating 
of  B,  and  with  the  other  touch  the  knob  of  the 
jar  A,  which  will  caufe  an  exploiion.  Now  place 
one  ball  of  the  difcharger  on  the  knob  of  A,  and 
bring  the  other  ball  to  it's  coating,  and  you  have 
a  fecond  difcharge.  Again,  apply  one  ball  of 
the  difcharger  on  the  coating  of  B,  and  carry 
the  other  to  the  coating  of  A,  and  it  will  pro- 
4.  duce 
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duce  a  third  explolion.  A  fourth  is  obtained  by 
applying  the  difcharger  from  the  coating  of  A  to 
it's  knob. 

The  outer  coating  of  the  upper  jar  communi- 
cating with  the  infide  of  the  under  one,  conveys 
the  fluid  from  the  condudtor  to  the  large  jar, 
which  is  therefore  charged  poiitively ;  the  upper 
jar  does  not  charge,  becaufe  the  infide  cannot 
part  with  any  of  it's  eledric  fluid;  but  when 
a  communication  is  formed  from  the  outfide  of 
A  to  the  infide  of  B,  part  of  the  fire  on  the  infide 
of  A  will  be  conveyed  to  the  negative  coating  of 
Bj  and  the  jar  will  be  difcharged.  The  fccond 
explofion  is  occafioned  by  the  difcharge  of  the 
jar  A;  but  as  the  outfide  of  this  communicates, 
bycondudting  fubftances,  with  the  pofitive  inlide 
of  the  jar  B,  if  the  ball  of  the  difcharging  rod 
remains  a  fmall  time  after  the  difcharge  on  the 
knob  of  A,  part  of  the  fire  of  the  inflde  of  A  will 
efcape,  and  be  replaced  by  an  equal  quantity  on 
the  outfide  from  the  jar  B,  by  which  means  A  is 
charged  a  fecond  time;  the  difcharge  of  this 
produces  the  third,  and  of  B  the  fourth  explo- 
fion. 


The 
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The  following  pleasing  Variations  of  the 
joREGoiNG  Experiment  were  communica-t 

TED  TO  ME  -BY  Mr.  J.  FeLL,  OF  UlVFRSTON. 

A  the  upper  bottle,  B  the  under  bottle. 
Knobot  A  applied  to  the  condu6lor,  and  the 

charge  given. 
J II  difcharge.      Balls  of  difcharger  from  coating 

of  A  to  knob  of  A. 
2d  ditto.  From  coating  of  B  to  knob  of  A. 

3d' difcharge.      From  coating  of  B  to  coating 

of  A. 
4th  ditto.  From  coating  of  A  to  knob  of  A, 

Coating  of  A  applied  to  the  condudlor,  and  the 

charge  given. 
J  ft  difcharge.      Balls  of  difcharger  from  coating 

of  B  to  knob  of  A. 
2d  ditto.  From  coating  of  A  to  knob  of  A, 

3d  ditto.  From  coating  of  B  to  knob  of  A. 

4th  ditto.  From  coating  of  B  to  coating 

of  A. 
5  th  ditto.  From  coating  of  A  to  knob  of  A, 

Coating  of  A  applied  to  the  conduQor,  and  the 
charge  given,  touch  the  knob  of  A  with  ope 
ball  of  the  difcharger,  the  other  ball  com- 
municating with  the  earthy  then  proceed  as 
follows^ 

iftdif. 
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1  ft  difcharge.     Balls  of  difcharger  from  coating 

of  A  to  knob  of  A. 
2d  ditto.  From  coating  of  B  to  knob  of  A. 

3d  ditto.  From  coating  of  A  to  knob  of  A^ 

4th  difcharge.     From  coating  of  B  to  knob  of  A. 
Go  on  thus  alternately,  and  fifteen,  fixteen,  or 
more  difcharges  may  be  producedo 

The  contrary  State  of  the  two  opposite 
Sides  of  a  charged  Leyden  Bottle,  shewn 
by  their  respective  attractive  and  re^ 
puLSivE  Powers. 

Experiment  xcviii.— Screw  the  bottle  H, 
fig.  49,  with  the  belt  fideways  on  the  infulating 
ftand,  as  in  fig.  48,  and  charge  it  pofitively, 
then  touch  the  knob  with  a  pair  of  pith  balls, 
thefe  will  diverge  with  pofitive  eledricity  ;  hold 
another  pair  to  the  coating,  and  they  will  fe- 
parate  with  negative  ejedricityo 

Experiment  xcix. — Eledirify  two  pair  of  the 
pith  balls  which  are  fixed  to  the  brafs  tubes,  as 
in  fig.  22,  plate  II.  by  the  knob  of  a  pofitively 
charged  bottle,  and  place  them  at  a  fmall  diftance 
from  each  other,  then  pulli  them  together  till 
the  ends  of  the  tubes  are  in  contad-,  and  the 
balls  will  remain  in  the  fame  (late  they  were  in 

R  before 
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before  they  were  brought  together,  becaufe  their 
dcdlricity  is  of  the  fame  kind.  The  refult  is  the 
fame  if  both  pair  are  eledrified  by  the  coating  ; 
but  if  one  pair  is  eledrified  by  the  coating  and 
the  other  by  the  knob,  when  they  are  brought 
in  contad  they  immediately  clofe. 

Experiment  c. — A  cork  ball,  or  an  artificial 
fpider  made  of  burnt  cork  with  legs  of  linen 
thread,  fufpended  by  filk,  Vvill  play  betv/een  the 
knobs  of  two  bottles,  one  of  which  is  charged 
pofitively,  the  other  negatively,  and  will  in  a 
little  time  difcharge  them. 

Experiment  ci. — A  ball  fufpended  on  filk, 
and  placed  between  two  brafs  balls,  one  proceed- 
ing from  the  outfide,  the  other  from  the  infide 
of  a  Leyden  jar,  when  the  bottle  is  charged,  will 
fly  from  one  knob  to  the  other,  and  by  thus 
conveying  the  fire  from  the  infide  to  the  outfide 
of  the  bottle,  will  foon  difcharge  it. 

Experiment  cii. — An  infulated  cork  ball, 
after  having  received  a  fpark,  will  not  play  be- 
tween, but  be  equally  repelled  by  two  bottles 
which  are  charged  with  the  fame  power. 

Experiment 
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Experiment  cm.— -At  fig.  58  a  wire  is  fixed 
to  the  under  part  of  the  infulated  coated  phial, 
b  c  another  wire  fitted  to,  and  at  right  angles 
with  the  former,  a  brafs  fly  is  placed  on  the 
point  of  this  wire  ;  charge  the  bottle,  and  all  the 
time  the  bottle  is  charging  the  fly  will  turn 
round ;  when  the  bottle  is  charged  the  needle 
flops.  Touch  the  top  of  the  bottle  with  a  finger, 
or  any  other  conducing  fub fiance,  and  the  fly 
will  turn  again  till  the  bottle  is  difcharged.  The 
fly  will  electrify  a  pair  of  balls  pofitively  while 
the  bottle  is  charging,  and  negatively  when  dif- 
charging. 

Experiment  civ.- — Place  a  clean,  dry,  and 
excited  pane  of  glafs,  about  one  foot  fquare,  on 
an  infulated  box  with  pith  balls,  it  will  caufe 
the  balls  to  diverge  with  pofitive  eledlricity,  and 
they  will  continue  to  repel  each  other  upwards 
of  four  hours  in  dry  air.  When  the  balls  come 
together,  remove  the  glafs,  and  they  will  open 
with  negative  eleftricity ;  replace  the  glafs,  and 
they  will  clofe ;  reinove  it,  and  they  will  open 
again ;  and  thus  alternately  as  long  as  any  elec- 
tricity remains  in  the  glafs. 

IF  the  pane  of  glafs  be  placed  in  a  frame  of 
wood,  and  a  light  pith  or  cork  ball  be  laid  on  it's 
furface,  on  prefenting  towards  it  the  end  of  a 
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finger,  or  the  point  of  a  pin,  the  ball  will  recede 
from  them  with  a  very  brifk  motion,  and  may 
thus  be  driven  about  on  the  furface  of  the  glafs, 
like  a  feather  in  the  air  by  an  excited  tube.  The 
ball  being  deprived  of  it's  elecftricity  by  the  pin, 
it  inftantly  flies  to  that  part  of  the  glafs  which 
attradls  it  mofi:  forcibly. 

To  excite  the  pane  of  glafs ;  lay  it  upon  a 
quire  of  large  paper,  well  dried,  and  then  rub 
it  with  a  piece  of  clean  dry  flannel. 

The  contrary  States  of  the  different  Sides 
OF  A  Leyden  Phial,  and  the  Direction 
of  the  Electric  Fluid  in  the  Charge  and 
Discharge  thereof,  investigated  by  thb 
Appearance  of  the  Electric  Light. 

In  Chap.  VL  we  obferved,  that  the  different 
appearances  of  light  on  elecflrified  points  was 
deemed  a  criterion  of  the  dire6lion  of  the  elec- 
tric fluid  ;  that  the  luminous  ftar  fhews  a  point 
in  receiving  the  eledtric  matter,  whilft  the  lu- 
minous brulh,  or  cone,  indicates  that  it  is  pro*. 
ceeding  from  a  point. 

We  fhall  now  examine  the  flate  of  the  different 
fides  of  the  Leyden  bottle  by  thefe  appearances. 

Experiment 
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Experiment  cv. — Screw  the  jar  I  on  the  in- 
fulating  pillar,  and  the  pointed  wire  into  the 
hole  g,  place  another  pointed  wire  at  the  end 
of  the  conductor,  bring  the  knob  of  the  jar  near 
this  wire,  and  then  turn  the  cylinder,  a  pencil 
of  rays  will  diverge  from  the  pointed  wire  in 
the  conductor  to  the  knob  of  the  jar,  at  the 
fame  time  another  pencil  of  rays  will  diverge 
from  the  point  at  the  bottom  into  the  air.  Sec 
fig.  50. 

Repeat  this  experiment  with  the  negative  con- 
dudlor,  and  a  luminous  flar  will  appear  on  the 
end  of  each  wire. 

Experiment  cvi. — Screw  a  pointed  wire  into 
the  knob  of  the  jar,  (fee,  fig.  51)  charge 
the  bottle  pofitively,  the  fire  will  be  received 
from  the  condudlor  by  the  pointed  wire,  and 
appear  there  as  a  luminous  fiar,  while  the  wire 
on  the  outfide  of  the  jar  will  throw  off  a  diver- 
ging cone. 

Fig.  52  reprefents  the  foregoing  appearances 
reverfed,  by  charging  the  jar  negatively  at  the 
pofitive  condudlor. 

This  experiment  may  be  further  varied,  by 
applying  the  bottle  to  a  negative  condu8or. 

'   Experiment 
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Experiment  cvii. — After  the  jar  is  charged^ 
as  in  the  foregoing  experiments,  turn  that  wire 
from  the  cylinder  which  before  was  neareft  to  it, 
then  put  the  machine  in  adion,  and  the  afflux 
and  efflux  will  be  more  apparent  than  before  j 
one  point  throwing  off,  and  the  other  receiving 
the  fluid  with  extreme  avidity,  which  will  in  a 
little  time  difcharge  the  jar. 

Experiment  cviii. — Charge  th e jar  as  before j 
then  touch  the  wire  which  is  connedted  with  the 
negative  iide,  and  the  oppofite  wire  will  throw 
off  a  diverging  cone;  but  if  the  pofitive  fide 
is  touched,  a  luminous  cone  only  will  be  feen  on 
the  other  wire* 

Experiment  cix.^—Fig.  53  is  aii  electric  jar, 
B  B  the  tin^foil  coating,  C  a  fland  which  fup- 
ports  the  jar,  D  a  focket  of  metal  which  carries 
the  glafs  rod  E ;  a  curved  metallic  wire,  pointed 
at  each  end,  is  fixed  to  the  end  of  the  rod  G^ 
which  rod  is  moveable  at  pleafure  in  a  fpring 
tube  N,  that  tube  being  fixed  by  a  focket  upon 
the  top  of  the  glafs  rod  E,  the  charging  wire 
communicates  with  the  different  divilions  of 
the  infide  coating  of  the  jar  by  horizontal  v/ires. 

Place  the  jar  as  ufual,  and  put  the  machine 
in  ad:ion,  a  fmall  luminous  fpark  will  appear 
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upon  the  upper  point  of  the  wire  F,  (a  plain 
indication  that  the  point  is  then  receiving  elec- 
tricity from  the  upper  ring  of  the  coating  on 
the  outdde  of  the  jar)  a  fine  ftream  or  pencil 
of  rays  will  at  the  fame  time  fly  off,  beautifully 
diverging  from  the  lower  point  of  the  wire  F 
upon  the  bottom  ring  of  the  coating  on  the  jar; 
when  thefe  appearances  ceafe,  which  they  will 
as  foon  as  the  jar  is  charged,  let  a  pointed  wire 
be  prefented  towards  the  prime  conductor,  this 
will  foon  difcharge  the  jar  filendy,  during  which, 
the  lower  point  will  be  illuminated  with  a  fmall 
fpark,  while  the  upper  point  of  the  wire  will 
throw  off  a  pencil  of  rays,  diverging  towards  the 
tipper  ring  of  the  coating. 

Experiment  ex. — Take  a  Ley  den  phial,  the 
neck  of  which  (hould  not  be  very  broad,  fet  the 
coating  on  the  conductor,  and  charge  it  nega- 
tively; when  charged,  if  not  too  dry,  the  upper 
edge  of  the  coating  will  throw  off  one  or  more 
brulhes  of  light  into  the  air,  which  will  vifibly 
incline  towards  the  charging  wire  of  the  bottle, 
and  fometimes  adlually  reach  it.  Prefent  the 
knob  to  the  prime  conductor,  and  charge  the 
jar  politively,  a  fmall  fpark  of  light  will  firft  ap- 
pear on  the  edge  of  the  cork  in  the  neck  of  the 
bottle,  through  which  the  wire  palfes  after  a  few 
6  turmi 
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turns  of  the  cylinder;  this  fpark  becomes  a 
brufh,  darting  out  from  the  cork,  and  gradually 
lengthening  till  it  forms  an  arch,  the  end  of  it 
extending  downwards  till  it  reaches  and  touches 
the  end  of  the  coating.  If  the  bottle  be  dry,  it 
will  in  both  cafes  be  difcharged  fpontaneoufly. 
See  fig.  54  and  55. 

Experiment  cxi. — An  infulated  pofitively 
charged  bottle  will  give  a  fpark  from  it's  knob 
to  an  excited  flick  of  wax,  while  no  fpark  will 
pafs  between  it  and  an  excited  glafs  tube. 

Experiment  cxii. — An  analyfis  of  the  Ley- 
den  phial,  by  means  of  the  Leyden  vacuum  E, 

fig-   49- Screw  this  on  the  infulated  ftand, 

"with  the  pointed  wire  from  the  bottom.  Fig. 
56  reprefcnts  the  appearance  of  the  fluid  on  the 
points  when  the  bottle  is  charged  negatively,  at 
a  condudlor  loaded  withpolitive  ele&icity. 

Fig.  57,  the  appearances  it  difplays  when  it  h 
charging  pofitively  at  the  fame  condudlor. 

Fig.  59  is  the  fame  bottle  charging  pofitively 
at  a  negative  conductor.  Fig.  60,  it  is  charging 
negatively  at  the  fame  condudor. 

Experiment  cxiii. — Fig.  61  reprefents  the 
luminous  condudlor  on  the  infulating  fiand.     Set 

thp 


Electricity.  137 

the  colleding  point  near  the  cylinder,  and  place 
the  knob  of  an  uncharged  phial  in  contad  with 
the  ball,  or  hang  a  chain  from  it  to  the  table, 
and,  on  working  the  machine,  the  ball  will  be 
enveloped  in  a  denfe  eleclric  atmofphere.  If 
the  point  be  brought  in'contadi:  with  an  infulated 
rubber,  and  a  communication  is  made  from  the 
ball  to  the  table,  the  atmofphere  will  be  on  the 
point  in  the  tube.  If  a  bottle,  poiitively  charged, 
be  prefented,  the  appearances  in  the  tube  will 
be  as  delineated  in  fig.  62.  But  if  a  bottle  ne- 
gatively charged  be  thus  applied,  the  appearance 
will  be  as  in  fig.  6 1 . 

This  tube,  when  mounted  on  it's  infulating 
Hand,  maybe  ufed  inftead  of  the  prime  con- 
ductor, and  all  the  common  experiments  may 
be  performed  with  it ;  the  tube  will  be  luminous 
during  the  whole  of  the  operation. 

Of  the  Direction  of  the  Electric  Matter 
IN  THE  Discharge  of  the  Leyden  Phial. 

Experiment  cxiv.— -Place  a  charged  jar  on 
a  fmall  glafs  ftand  under  the  receiver  of  an  air- 
pump  ;  as  the  receiver  is  exhauiling  the  elec- 
tric fire  will  ifTue  from  the  wire  of  the  phial,  in 
fi  very  luminous  pencil   of  rays,  and  continue 
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flafliing  to  the  coating  till  the  air  is  exhaufted, 
when  the  jar  will  be  found  to  be  difcharged. 

If  the  phial  is  charged  negatively,  the  current 
of  fire  will  appear  to  have  a  different  direclion 
from  that  which  it  had  before. 

From  this  experiment  we  may  infer  the  effecSs 
of  the  atmofphcric  prefTure  upon  the  charge  of 
the  Leyden  phial,  and  learn  that  it  is  the  na- 
tural boundary  to  every  charge  of  ele&icity  wc 
can  give ;  and,  confeqaently,  that  a  phial  would 
contain  double  the  charge,  in  air  doubly  con- 
denfed,  as  it  does  in  the  common  atmofphere, 
lince  it  would  increafe  the  intenfity  of  the  elec- 
tric atmofphere. 

Experiment  cxv.— ^Place  a  fmall  lighted  ta- 
per between  the  two  balls  of  the  univerfal  dif- 
charger,  then  pafs  a  very  fmall  charge  of  a  po- 
sitive phial  through  them,  and  the  flame  of  the 
taper  will  be  attracted  in  the  diredion  of  the 
fluid  towards  the  coating.     See.  fig.  63. 

Experiment  cxvi.— The  fame  fmall  charge 
from  a  negative  bottle  will  reverfe  the  appear- 
ance. 

In  both  thefe  experiments  it  is  necelTary  to  ufe 
the  lead  charge  that  can  be  given,  juft  fufHcient 
to  leap  the  interruption  in  the  circuit. 

4  Experiment 
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Experiment  gxvii.— Place  a  card  on  the  ta- 
ble of  the  univerfal  difcharger,  and  bring  one 
of  the  points  under  the  card,  then  conned  this 
point  with  the  coating  of  ajar  pofitively  charged, 
place  the  other  point  on  the  top  of  the  card,  and 
at  about  an  inch  and  a  half  from  the  forme  rnow 
complete  the  circuit,  by  bringing  a  difcharging 
rod  from  the  lail  wire  to  the  top  of  a  bottle,  and 
the  electricity  will  pafs  through  the  upper  wire, 
along  the  furface  of  the  card,  till  it  comes  to  the 
point  which  is  underneath,  where  it  will  make 
a  hole  in  the  card,  and  pafs  through  the  wire  to 
the  coating  of  the  bottle.     See  fig.  64. 

Experiment  cxviii. — Four  cork  balls.  A, 
B,  C,  D,  being  placed  at  equal  diftances  from 
each  other,  from  the  balls  of  the  difcharging 
rod,  and  from  the  coating  of  a  pofitively  charged 
bottle;  on  making  the  difcharge,  the  ball  A 
next  the  rod  was  repelled  to  B,  which  was  again 
repelled  to  C,  C  remained  immoveable,  but  D 
flew  to  the  coating  of  the  bottle. 

Experiment  cxix. — Take  a  card,  and  paint 
both  fides  with  cinnabar  about  the  breadth  of  the 
finger,  fix  this  card  vertically  by  a  little  wax  on 
the  table  of  the  univerfal  difcharger,  let  the 
pointed  ends  of  one  of  the  wires  touch  one  fide 
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of  the  card,  and  the  end  of  the  other  wire  the 
oppofite  fide ;  the  diftance  of  the  points  from 
each  other  mufl  be  proportioned  to  the  flrength 
of  the  charge ;  difcharge  a  jar  through  the  wires, 
and  the  black  mark,  left  by  the  explolion  on  the 
coloured  band,  fhews  that  the  eledlric  fluid  palTed 
from  the  wire,  communicating  with  the  inlide 
of  the  bottle,  to  that  which  communicates  with 
the  outfide,  againft  which  it  makes  a  hole. 

Experiments  WHICH  seem  to  militate  against 
THE  RECEIVED  Theory  of  Electricity. 

Experiment  cxx. — Let  the  furfaces  of  an 
eledtric  plate  be  very  (lightly  charged  and  infula- 
ted,  let  an  interrupted  circuit  be  formed,  the 
two  powers  will  be  vifible,  illuminating  the  points 
of  the  interrupted  circuits,  and  each  power  will 
appear  to  extend  farther  from  the  furface  conti- 
guous to  it,  the  ftronger  the  charge  is  commu- 
nicated to  the  plate ;  but  if  the  illuminations 
on  each  lide  meet,  there  will  immediately  fol- 
low an  explolion  of  the  w^hole  charge.  The 
length  of  the  interrupted  circuit  ufed  for  this  ex- 
.periment  was  twelve  feet,"^ 


Experiment  cxxi. — If  a  cylindrical  plate  of 
*  Atwood's  analyfis  of  a  courfe  of  le6luresj  p.  121 
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air,  contained  in  the  receiver  of  an  air-pump,  be 
charged,  it  is  obferved,  the  more  air  that  is  ex- 
haufted  from  between  the  furfaces,  the  more 
eafily  the  powers  will  unite. 

Experiment  cxxii. — If  an  exhaufted  receiver 
be  made  part  of  the  elecftric  circuit,  and  the 
charge  ftiould  not  be  fufficient  to  caufe  an  ex- 
plofion,  an  eleQric  light  will  appear  to  proceed 
in  oppoiite  dire6tion  frpm  the  parts  communi- 
cating with  the  negative  and  pofitive  furfaces. 

Experiment  cxxiii. — Let  a  coated  phial  be 
fet  on  an  infulating  ftand,  and  let  it's  knob  be 
touched  by  the  knob  of  another  phial  negatively 
eledrified,  a  fmall  fpark  will  be  feen  between 
them,  and  both  lides  of  the  infulated  phial  will 
be  inftantly  negatively  eledtrified.* 

Fatten  a  pith  ball  eledrometer  by  a  little  wax 
to  the  outiide  coating  of  ajar,  charge  the  jar 
(lightly  with  pofitive  eledlricity,  and  fet  it  on  an 
infulated  ftand,  the  ball  will  either  not  diverge, 
or  only  a  very  little  ;  bring  the  knob  of  a  bottle 
which  is  ftrongly  charged  with  pofitive  electricity 
near  the  knob  of  the  former,  and  the  balls  will 
diverge  with  pofitive  eledlricity. 

Experiment 
*  Encyclopedia  Britannica,  Vol.  IV.  p.  2698. 
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Experiment  cxxv.-^Let  the  fame  phial,  with 
the  pith  balls  affixed  to  it*s  outfide  coating,  be 
flightly  charged  negatively,  and  then  infulated, 
bring  the  knob  of  a  phial,  which  is  flrongly  elec- 
trified negatively,  to  that  of  the  infulated  one^ 
and  the  pith  balls  will  diverge  with  negative 
eleftricity. 

Experiment  cxxvi. — Chaige  ajar  pofitively, 
and  then  infulate  it,  charge  another  flrongly  with 
negative  eledricity,  bring  the  knob  of  the  nega- 
tive bottle  near  that  of  the  pofitive  one,  and  a 
thread  will  play  between  them ;  but  when  the 
knobs  touch  each  other,  the  threads,  after  being 
attraded,  will  be  repelled  by  both.  The  nega- 
tive electricity  is  fome  how  fuperinduced  on  the 
pofitive,  and,  for  a  few  minutes  after  they  are 
feparated,  both  will  appear  negatively  eledlrified  ; 
but  if  the  finger  is  brought  near  the  knob  of 
that  bottle  on  which  the  negative  eledri city  was 
fuperinduced,  it  will  inftantly  be  diffipated,  a 
fmall  fpark  will  flrike  the  finger,  and  the  bottle 
will  be  pofitively  charged  as  before. 

One  of  the  pofitions  which  fupport  the  Frank- 
lirvian  hypothefis,  has  been  already  confidered ; 
we  are  now  at  a  proper  fiage  for  pointing  out 
fome  of  thofe  deficiencies  which  have  been  ob- 
ferved  in  other  parts  of  it.     To  fupport  this  hy- 

pothcfis^ 
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pothefis,  it  is  neceiTary  to  maintain  that  glass 

AND  OTHER  ELECTRIC  SUBSTANCES,  THOUGH  THEY 
CONTAIN  A  GREAT  DEAL  0¥  ELECTRIC  MATTER, 
ARE  NEVERTHELESS  IMPERMEABLE  TO  IT. 

This  pofition  appears  contradiflory  at  the  firfl: 
view,  for  it  is  not  eafy  to  conceive,  that  any  Tub- 
fiance  can  be  full  of  a  fluid  and  yet  impermeable 
by  it.  Efpecially  when  a  conliderable  quantity 
of  th;s  fluid  is  taken  from  one  fide,  and  added  to 
the  other ;  and  what  is  more  furpriiing,  the  thin- 
ner the  glafs,  and  the  lefs  quantity  it  is  capable 
of  containing,  the  more  we  are  able  to  put  into 
it,  and  the  ftronger  will  be  the  charge.* 

The  following  among  other  experiments  has 
been  adduced  as  a  flrong  argument  in  favour  of 
the  impermeability  of  glafs.  Let  a  coated  phial 
be  fet  upon  an  infulated  ftand,  and  the  knob  of 
another  coated  phial  be  brought  liear  it ;  for  every 
fpark  difcharged  from  the  prime  condudlor  to 
the  knob  of  the  fir  ft  jar,  a  fpark  will  pafs  froni 
the  coating  of  the  firfl:  to  the  knob  of  the  fecond : 
now  a  common  obferver  generally  imagines  that 
the  fire  runs  through  the  glafs ;  Dr.  Franklin 
concludes  it  does  not,  becaufe  there  is  found  a 
great  accumulation  of  electricity  on  the  infide  of 
the  jar,  which  manifefts  itfelfwhen  the  infide  and 
outflde  are  made  to    communicate  with  each 

other. 

*  Encyclopaedia  Britannica,  p.  2687. 
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other.  But  we  cannot  from  this  and  fimilar  ex^ 
periments  conclude  that  glafs  is  impermeable, 
except  we  fuppofe  the  eleftric  matter  to  be  ac-. 
cumulated  on  one  iide  of  the  glafs,  and  deficient 
on  the  other;  but  this  has  never  yet  been  proved, 
it  has  indeed  beenfaid,  that  if  glafs  was  perme- 
able to  this  fluid,  it  could  never  be  charged,  but 
this  refts  wholly  on  the  fuppoiition,  that  there 
is  an  accumulation  of  the  fluid  in  bodies  politively 
declrihed,  and  a  deficiency  in  thofe  which  are 
negatively  fo.^ 

Mr.  Wilfon,  to  prove  the  permeability  of 
glafs,  took  a  very  large  pane  of  glafs  a  little 
warmed,  and  holding  it  upright  by  one  edge, 
while  the  oppofite  edge  refted  upon  wax,  he 
rubbed  the  middle  part  of  the  furface  with  his 
finger,  and  found  both  fides  ele6trified  plus;  he 
accounted  for  this  from  the  ele6tric  fluid  pafling 
through  the  glafs  from  his  finger.  But  Dr. 
Prieftley  fays  this  appearance  ought  to  take  place 
on  Dr.  Franklin's  principles ;  for  the  fire  given 
to  the  glafs  by  the  finger  on  one  fide,  repels  an 
equal  quantity  from  the  other,  which  ftands  a§ 
an  atmofphere,  fo  that  both  fides  appear  poli- 
tively ele6lrificd.  Mr.  Wilfon  tried  alfp  another 
experiment,  which  feems  more  decifive  than  th^ 
former.     Having  by  him  a  pane  of  glafs,  pne 

fide 
.  *  Ibid.  p.  2687. 
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ilde  of  which  was  rough,  and  the  other  fmooth  ; 
he  rubbed  it  on  one  fide,  upon  doing  this  both 
lides  were  eledrified  minus.  Dr.  Prieftley  at- 
tempts to  reconcile  this  to  Dr.  Franklin's  hypo- 
thefis,  as  the  eledlric  fluid,  contained  in  the  glafs, 
fays  he,  was  kept  equal  on  both  fides  by  the 
common  repulfion.  If  the  quantity  on  one  fide 
is  diminifhed,  the  fluid  on  the  other  fide  being 
kfs  repelled  retires  inward,  and  leaves  that  fur- 
face  MINUS.  But  furely  thofe  words  militate 
flrongly  againft  the  fyf^em  he  means  to  eftablifh. 
The  quantity  of  fluid  in  one  fide  being  diminifli- 
cd,  that  on  the  other,  he  fays,  retires  inward. 
But  into  what  does  it  retire  ?  if  into  the  fub- 
ftance  of  the  glafs,  then  is  the  glafs  permeable 
by  it,  which  is  the  very  thing  Dr.  P.  argues 
againfl.* 

Dr.  Franklin's  theory  reds  upon  the  following 
pofition,  "  That  pofitive  elecftricity  is  an  ac- 
"  cumulation,  or  too  great  a  quantity  of  eledric 
"  matter  contained  in  a  body ;  and  negative 
"  electricity  is  when  there  is  too  little.''  Of 
this  however  there  is  not  one  proof,  and  all  the 
attempts  that  have  hitherto  been  made  to  prove 
it,  are  only  arguing  in  a  circle,  or  proving  the 
thing  by  itfelf.  Thus,  for  inftance,  a  body  elec- 
trified pofitively,  attracts  one  that  is  eledlrified 

T  negatively, 

*  Ibid,  p.  2688. 


id6  An    Essay    on 

J. 

negatively,  becaufe  the  firfl:  has  too  much  and 
the  other  too  Uttle  elediric  matter.  But  how  do 
we  know  that  one  has  too  much  and  the  other  too 
little  electricity  ?  Becaufe  they  attradl  each  other. 

Again,  it  has  been  proved,  that  when  ajar  is 
eledlriiied  poiitively,  there  is  as  conilant  a  ftream 
of  fire  from  the  outiide  coating,  as  there  is  from 
the  condu^^or  to  the  inlide  coating.  There- 
fore, it  is  faid,  the  outlide  has  too  little,  and  th^ 
inlide  too  much  eleQricity.  But  how  is  this 
known  to  be  the  cafe  ?  Becaufe  in  the  above 
experiment  one  iide  has  too  much  and  the  other 
too  little  eleclricity.  Thus,  in  every  inftance, 
the  arguments  for  Dr.  Franklin's  hypothelis  re- 
turn into  themfelves,  and  no  conclulion  can  be 
drawn  from  them.* 

If  the  reader  wiflies  to  invefbigate  this  fub- 
jed  further,  he  may  confult  Eeles's  Philofophi- 
cal  Eifays,  Wilfon's  fhort  Viev/  of  Electricity^ 
Marat's  Rechcrches  Phyfique  fur  I'Eleclricite, 
Mtlner's  Obfervations,  Lyon's  Obfervations  and 
Experiments  on  Eledricity,  and  the  Encyclo- 
paedia Brltannica, 

*  Ibid,  p»  2691, 
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C    H    A    R      VIIL 

Of    the  Electrical  Battery,    And  the 

LATERAL  ExPLOSION    OF  CHARGED  JaRS. 

'^  j  ^O  increafe  the  force  of  the  eledlric  exploiion^ 
-*-  feveral  Leyden  phials  are  conneifted  to- 
gether in  a  box ;  this  colled:ion  is  termed  an 
eleQrical  battery*  Fig.  65  reprefents  one  of  the 
moft  approved  forrii. 

The  bottom  of  the  box  is  covered  with  tin- 
foil, to  conne6t  the  exterior  coatings ;  the  infidc 
coatings  of  the  jars  are  connedled  by  the  wires  b, 
c,  d,  e,  f,  g,  which  meet  in  the  large  ball  A; 
C  is  a  hook  at  the  bottom  of  the  box,  by  which 
any  fubflance  may  be  connedled  with  the  out- 
fide  coating  of  the  jars ;  a  ball  B  proceeds  from 
the  infide,  by  which  the  circuit  may  be  con- 
veniently completed.  The  following  precautions 
are  neceflary  to  be  attended  to  by  thofe  who  make 
ufe  of  an  eleflrical  battery. 

To  keep  the  top  and  uncoated  part  of  the  jars 
dry  and  free  from,  duft,  and  after  the  explofion 
to  conned:  a  wire  from  the  hook  to  the  ball, 
which  fhould  be  left  there  till  the  battery  is  to 
be  charged  again,  which  will  totally  obviate  the 

T  2  incon- 
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inconveniencies  that  have  occafionally  happened- 
from  the  refiduum  of  a  charge. 

If  one  jar  in  a  battery  is  broke,  it  is  impof- 
fible  to  charge  the  reft  till  the  broken  jar  is  re- 
moved.* 

To  prevent  the  jars  of  a  large  battery  breaking 
at  the  time  of  the  explofion,  it  has  been  recom- 
mended not  to  difcharge  a  battery  through  a 
good  GOodiKflor,  except  the  circuit  is  at  leaft 
five  feet  long ;  but  what  is  gained  on  one  hand 
by  this  method,  is  loft  on  the  other,  for,  by 
lengthening  the  circuit,  the  force  of  the  ftiock  is 
weakened  proportionably. 

I  have  been  informed,  that  it  is  very  difficult 
to  break  by  an  exploiion  the  jars  which  are  made 
of  green  glafs,  fabricated  at  Nevvcaftle,  but  have 
had  no  opportunity  to  make  any  experiments  on 
this  glafs  myfelf. 

The  force  of  a  battery  may  be  conftderably 
increafed  by  concentrating  the  fpark  from  the 
exploiion,,  which  is  effeded  by  caufing  it  to  pafs 
through  fmall  circuits  of  non-conduding  fub- 
ftances.  By  diis  means  the  refifting  medium, 
through  which  the  fpark  is  to  pafs,  may  be  fo 

prepared 

*  A  cracked  jar  may  be  made  to  receive  a  charge,  by 
taking  away  the  external  and  internal  coatings  which  were 
over  the  crack,  fo  as  to  leave  a  fpace  of  about  one  fburth 
©fan  inch  between  the  cr^ck  and  remaining  tin-foil. 
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prepared  as  to  augment  it's  power.  If  the  fpark 
is  made  to  pafs  through  a  hole  in  a  plate  of  glafs^ 
one  twelfth  or  one  fixth  part  of  an  inch  in  dia- 
meter, it  will  be  lefs  dillipated,  more  compacft 
and  powerful.  If  the  part  round  the  hole  is 
wetted  with  a  little  water,  the  fpark,  by  con- 
verting this  into  vapour,  may  be  conveyed  to  a 
greater  diftance,  with  an  increafe  of  rapidity, 
attended  with  a  louder  noife  than  common. 

Mr.  Morgan,  by  attending  to  thefe  and  fome 
other  ci re umflances,  has  melted  wires,  Si c.  with 
fmall  bottles.  I  hope  he  will  be  induced  to- 
communicate  this,  as  well  as  the  reft  of  his  im- 
portant difcoveries,  to  the  public. 

Experiment  cxxvii. — Pafs  the  charge  of  a 
ftrong  battery  through  two  or  three  inches  of 
fmall  wire,  it  will  fometimes  appear  red  hot, 
firft  at  the  pofitive  iide,  and  the  rednefs  will 
proceed  regularly  towards  the  other  end. 

Experiment  cxxviii. — Difcharge  a  battery 
through  a  quire  of  paper,  a  perforation  will  be 
made  through  it ;  each  of  the  leaves  is  protruded 
by  the  ftroke  from  the  middle  towards  the  out- 
ward leaves,  as  if  the  fire  darted  both  ways  from 
the  center.  If  the  paper  is  very  dry,  the  fire 
meets  with  more  difficulty  in  it's  pafTage,  and  the 
6  hole. 
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hole  is  fmall.  If  that  part  of  the  paper,  through 
^'hich  the  exploiion  is  made,  is  wet,  the  hole  is 
larger,  the  light  more  vivid,  and  the  explofion 
louder. 

Experiment  cxxix. — The  difcharge  of  a  bat^ 
tery  through  a  fmall  fleel  needle  will,  if  the 
charge  is  fufficient,  communicate  magnetifm  to 
the  needle. 

Experiment  cxxx. — The  difcharge  of  a  bat- 
tery through  a  fmall  and  flender  magnetic  needle, 
will  generally  deftroy  the  polarity  of  the  needle^ 
and  fometimes  invert  the  poles  thereof.  To  fuc- 
ceed  in  this  experiment,  it  is  often  necefTary  to 
pafs  feveral  ftrong  charges  through  the  needle, 
before  it  is  removed  from  the  circuit. 

It  appears,  from  Beccaria's  experiments,  that 
the  magnetic  polarity,  which  is  communicated 
to  the  needle  by  eledtricity,  depends  on  the  po-* 
fition  of  the  needle  when  the  charge  is  fent 
through  it,  and  is  not  regulated  by  the  di^ 
re8:ion  of  the  eiedric  matter  in  entering  the 
needle* 

Experiment  cxxxi. — Let  a  quire  of  paper* 
be  fufpended  by  a  line  in  the  manner  of  a  pen- 
dulum from  any  convenient  altitude,  fo  that  it's 

plane 
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plane  may  be  vertical.  Let  the  largeft  charge 
from  a  battery  be  caufed  to  pafs  through  it, 
while  quiefcent  in  an  horizontal  direQion  per- 
pendicular to  the  plane,  the  rods  of  communi- 
cation not  touching  the  paper ;  the  phaenomena 
are;  firft,  the  aperture  mentioned  in  Exp,  128, 
the  leaves  being  protruded  both  ways  from  the 
middle  :  fecond,  not  the  fmallefl:  motion  is  com^ 
municated  to  the  paper  from  the  force  of  the  dif^ 
charge. 

A  quire  of  the  thickeft  and  frrongeft   paper 
was  made  ufe  of  for  this  experiment,   the  height 
from  which  it  was  fufpended  fixteen  feet.     It  is 
an  extraordinary  appearance  on  the  hypothelis  ~ 
of  a  lingle  electric  fluid,   that  a  force  fufficient 
to  penetrate  a  folid  fubftance  of  great  tenacity 
and  cohefive  force,  fhould  not  communicate  the 
fmalleft  miOtion  to  the  paper,  when  a  breath  of 
air  would  caufe  fome  feniible  vibration  in  iu 
But   this  difficulty  is  not  unanfwerable :  for  a 
velocity   may  be  affigned,  with  which  a  body 
impinges  againfl:  and  palTes  through  a  pendu- 
lum of  any  given  weight  and  refifting  force,  fo 
that  a  fmaller  angular   volocity  fhall   be  com- 
municated to  it,  than  Tiny  that  fhall  be  propofcd, 
and  we  know  no  limit  to  the  velocity  of  the  elec- 
tric power  or  powers.     But  the  other  ph^eno- 
jnenon,  i.  e.  the  oppolite  diredlion  in  which  the 

leaves 
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leaves  are  protruded,  tends  very  much  to 
flrengthen  the  opinion  of  two  oppolke  currents  : 
perhaps  either  of  thofe  phaenomena,  confidered 
limply,  may  admit  of  an  eafy  folution  from  the 
hypothelis  of  a  fmgle  power ;  when  they  are  taken 
both  together,  it  feems  more  difficuU  to  reconcile 
this  hypothelis  with  matter  of  fad.* 

Experiment  cxxxii.— Difcharge  a  battery 
through  a  flender  piece  of  wire,  ex.  gr.  one  50th 
of  an  inch  in  diameter,  the  wire  will  be  broken 
to  pieces,  or  melted,  fo  as  to  fall  on  the  table 
in  glowing  balls. 

When  a  wire  is  melted  in  this  manner,  the 
fpark?  fly  frequently  to  a  confiderable  diftance, 
being  fcattered  by  the  explofion  in  all  diredlions. 

If  the  force  of  the  battery  is  very  great,  the 
"wire  will  be  entirely  difperfed  by  the  force  of 
the  explolion.  Small  particles  of  fuch  fubflances 
as  cannot  be  eafily  drawn  into  wire,  as  platina, 
grain  gold,  ores,  &c.  may  be  placed  in  a  groove 
of  wax,  and  then  put  into  the  circuit ;  if  a  dif- 
pharge  of  fufficient  ftrength  is  pafled  through 
them,  they  will  be  meked. 

The  force,  by  which  wires  are  melted  by  a 
battery,  varies  with  the  length  of  the  circuit,  as 
ihe  fluid  meets  with  more  reiiftance  in  propor» 

tioii 

*  Atwood's  Analyfis.  . 


Electricity.  153 

tion  as  the  pafTage  through  which  it  is  to  pafs 
is  longer.  Dr.  Prieftley  could  melt  nine  inches 
of  fmall  iron  wire  at  the  diftance  of  fifteen  feet, 
but  at  twenty  feet  diftance  he  could  only  make 
fix  inches  of  it  red  hot,  fo  that  metals  refill:  with 
coniiderable  force  the  palTage  of  the  eledlric  fluid, 
and  therefore  in  ellimating  the  conducing  pow- 
ers of  different  fubftances,  their  length  muft  be 
particularly  attended  to. 

Experiment  cxxxiii.— -Inclofe  a  very  flender 
wire  in  a  glafs  tube,  difcharge  a  battery  through 
this  wire,  and  it  will  be  thrown  into  globules  of 
different  fizes,  which  may  be  coUeded  from 
the  inner  furface  of  the  tube :  they  are  often 
found  to  be  hollow,  and  little  more  than  the 
fcoria  of  the  metal. 

Many  experiments  have  been  made,  in  order 
to  try  the  different  conducing  powers  of  metals, 
by  palling  the  difcharge  of  a  battery  through 
them ;  but  it  has  not  yet  been  determined,  whe- 
ther the  greater  facility  with  which  fome  metals 
are  exploded  depends  on  the  eafe  with  which 
the  fluid  palfes  through  them,  or  whether  it 
proceeds  from  the  degree  of  refiflance  they  make 
to  it's  paffage,  or  from  a  v/ant  pf  du6lility  in 
the  metal,  which  is  therefore  lefs  capable  of  ex- 
panfion* 

U  Experiment' 


154 


An     Essay     on 


Experiment  gxxxiv. — ^Difcharge  a  battery 
through  a  chain  v;hich  is  laid  on  paper,  and 
black  marks  will  be  left  on  the  paper  in  thofe 
places  where  the  rings  of  the  chain  touch  each 
other ;  the  rings  will  be  more  or  lefs  melted  at 
thofe  places. 

Experiment  gxxxv. — Take  two  pieces  of 
window  glafs,  of  about  3  by  2  inches,  place  a^ 
flip  of  btafs  or  gold  leaf  between  them,  leaving 
the  metallic  leaf  out  beyond  the  glafs  at  each 
end ;  then  place  the  two  pieces  of  glafs  in  the 
prefs  oftheuniverfaldifcharger,  bring  the  points 
of  the  v/ires  E  T,  E  F,  fig.  33,  to  touch  the 
ends  of  the  leaves,  and  pafs  a  difcharge  through 
them,  which  will  force  part  of  the  metal  into  the 
glafs  and  flain  it  mth  a  colour  which  differs  from 
the  metal  that  is  made  ufe  of.  The  metallic  leaf 
Ihould;  be  made  narroweft  in  the  middle,  becaufe 
the  force  of  the  eleQ^ric  fire  is  in  proportion  to 
it's  denfity,  which  is  increafed  when  the  fame 
quantity  of  fire  is  compelled  to  pafs  through 
fewer  conduifting  particles. 

The  explofion  in  melting^  the  flripes  of  leaf- 
gold,  &c.  renders  them  non-condu6ling,  and  lefs- 
capable  after  each  difcharge  to  tranfmit  another. 
Some  particles  of  the  metal  are  driven  into  the 
glafs^  which  is  really  melted;,  thofe  parts  of  the 

metal. 
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metal,  which  lie  contiguous  to  the  glafs,  are  the 
moftperfedlly  fufed.  The  pieces  of  glafs  which 
cover  the  flip  of  metal  are  generally  broken  to 
pieces  by  the  difcharger. 

Experiment  cxxxvi.— Place  a  thick  piece  of 
glafs  on  the  ivory  plate  of  the  univerfal  dif- 
charger, fig.  3,  PL  II.  and  a  thick  piece  of  ivory 
on  the  glafs,  on  which  a  weight  from  one  to 
feven  pounds  is  to  be  placed ;  bring  the  points 
of  the  wires  EF  ET  againft  the  edge  of  the  glafs, 
and  pafs  the  difcharge  through  the  wires,  by 
connedling  one  of  the  wires,  as  EF,  with  the 
hook  C  of  the  battery,  fig.  65,  PI.  IV.  and  form- 
ing a  communication,  when  the  battery  is 
charged,  from  the  other  wire  ET  to  the  ball, 
and  the  glafs  will  be  broken,  and  fome  part  of  it 
fhivered  to  an  impalpable  powder.  When  the 
piece  of  glafs  is  ftrong  enough  to  refill  the  fhock, 
the  glafs  is  often  marked  by  the  explofion  with 
the  moft  lively  and  beautiful  colours.  I  have 
been  informed  by  Mr.  Morgan,  that  if  the  glafs 
is  cemented  down,  the  effedl  is  the  fame  as  when 
it  is  prelfed  by  the  weights ;  and  this  mode  is 
in  various  experiments  more  convenient- 
Place  a  piece  of  very  dry  white  wood  be- 
tween the  balls  of  the  univerfal  difcharger,  the 
fibres  of  the  wood  to  be  in  the  fame  dircdlion 

U  2  with 
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vvith  the  wires,  pafs  the  Ihock  through  theip, 
and  the  woods  will  be  tore  to  pieces,,  or  run  the 
points  into  the  wood,  and  then  pafs  the  fhock 
through  them. 

Experiment  cxxxvii.*^ — If  the  difcharge  is 
paffed  under  the  piece  of  ivory  with  the  weights 
upon  it^  without  any  glafs  between  the  piece 
of  ivory  and  the  table  GH  of  the  univerfal  dif- 
charger,  the  weights  wilt  be  lifted  up  by  the 
lateral  force  of  the  difcharge ;  the  number  of 
weights  muft  be  proporjiioned  to  the  force  of  the 
explofion. 

Experiment  cxxxviii, — Fig.  66,  a  rcprefents 
an  infulated  rod,  nearly  touching  a  charged  jar, 
b  is  another  infulated  rod,  placed  in  a  line  with 
and  near  to  the  former  ;  make  the  difcharge  by 
the  rod  e,  from  which  a  chain  hangs  that  does 
not  touch  the  bottom  of  the  jar,  and  the  rod  b 
wall  receive  an  eledlric  fpark,  which  quits  it  again 
almofl  in  the  fame  inft^nt,  becaufe  the  finefl 
threads  hung  upon  it  will  not  be  eledriped  by 
the  fpark. 

This  eleclrical  appearance,  without  the  cir- 
cuit of  a  difcharging  jar,  is  called  the  Lateral 
Jlxplofion. 

If  pieces  qf  cork,  or  any  light  bodies,   be 

placed 
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placed  near  the  explolion  of  a  jar  or  battery,  they 
will  be  moved  out  of  their  place  in  all  directions 
from  the  center  of  the  exploiion ;  and  the  greater 
the  force  of  the  explofion,  fo  much  greater  will 
the  diftance  be  to  which  they  are  removed.  It 
is  not  furprifing,  therefore,  that  heavy  bodies 
fhould  be  removed  to  confiderable  di fiances  by 
a  ftrong  flafh  of  lightning.  Dr.  Prieilley  ap- 
prehends, that  this  fpeciesof  lateral  force  is 
produced  by  the  explolion  of  the  air  from  the 
place  through  which  the  ele(5i:ric  difcharge  palTes. 
This  lateral  force  is  not  only  exerted  in  the 
neighbour! iood  of  an  exploiion,  when  it  is  made 
between  pieces  of  metal  in  the  open  air,  but  alfo 
when  it  is  tranfmitted  through  pieces  of  wire 
that  are  not  thick  enough  to  condu6t  it  perfedlly. 
The  fmaller  the  wire  is,  and  the  greater  the 
fulion,  the  greater  is  the  difperiion  of  light  bodies 
near  it. 

Experiment  cxxxix.- — If  circuits,  differentia 
length  and  of  different  fubftances,  form  a  com- 
munication between  two  charged  furfaces  of  an 
cledric  plate,  it  is  obferved,  the  difcharge  will 
be  made  through  the  bed  condudors,  whatever 
be  the  length  of  the  others. 

3,  If  circuits  of  the  fame  fubilance  be  different 

in 
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in  length,  the  difcharge  will  be  made  through 
the  fnorteft  of  them. 

3.  If  the  circuits  be  the  fame  in  every  ref- 
ped,  the  difcharge  will  be  made  through  many 
of  ihem  at  the  fame  time.* 

If  one  circuit  confifts  of  undried  wood,  and  is 
of  coniiderable  length  in  comparifon  of  another 
which  confiils  of  metal,  the  difcharge  will  be 
made  wholly  through  the  latter,  unlefs  the  charge 
fhould  be  very  great,  in  which  cafe  fome  fm.all 
part  will  pafs  through  the  wood. 

If  a  fnort  metallic  rod  and  any  part  of  the  hu- 
man body  form  two  circuits  between  the  fame 
charged  furfaces,  the  difcharge  will,  in  general, 
be  made  wholly  through  the  metallic  rod ;  but 
if  the  charge  is  very  great,  or  if  the  rod  is  very 
(lender,  or  if  it  fliould  be  very  long,  in  either  of 
thefe  cafes  the  difcharge  may  be  perceived  to 
pafs  through  that  part  of  the  body  which  forms 
one  of  the  circuits. 

This  will  be  the  cafe  when  the  charge  is  fmall, 
but  it  may  be  fo  increafed  as  to  pafs  through  both 
the  longer  and  {horter  circuits. 

I  have  been  informed  by  a  gentleman,  that' 
it  was  his  cuflom  to  make  a  variety  of  circuits 
for  the  difcharge  of  a  large  jar  or  battery;  and, 
that  having  a  fufficient   number   of  thefe,  he 

cpuld 
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could  introduce  himfelf  into  one  of  them,  and 
take  his  part  of  the  fhock  without  inconvenience, 
it  even  was  not  difagreeable  ;  and  he  could 
by  this  means  leflen  the  fenfation  almofl:  to 
iiothing. 

Experiment  cxl.— Mr.  Henly  made  a  double 
circuit,  the  firft  by  an  iron  bar,  one  inch  and  a 
half  in  diameter,  and  half  an  inch  thick ;  the 
fecond,  by  four  feet  and  a  half  of  fmali  chain. 
On  difcharging  a  jar,  containing  five  hundred 
fquare  inches  of  coated  furface,  the  ele6iricity 
pafTed  in  both  circuits,  fparks  being  vifible  on 
the  fmall  chain  in  many  places.  On  making  the 
difcharge  of  three  jars,  containing  together  (ix- 
teen  fquare  feet  of  coated  furface,  through  three 
different  chains  at  the  fame  time,  fig.  67,  bright 
fparks  were  viiible  in  them  all.  The  chains 
were  of  iron  and  brafs,  of  very  different  lengths  j 
the  fhorteil  ten  or  twelve  inches,  the  longed' 
many  feet  in  length.  When  thofe  jars  were  dif- 
charged  through  the  iron  bar  before-mentioned, 
together  with  a  fmall  chain,  three-quarters  of 
a  yard  in  length,  the  whole  chain  was  illumined, 
and  covered  throughout  with  beautiful  rays, 
like  briflles,  or  golden  hair.  Having  placed  a 
large  jar  in  contad  with  the  prime  condudor, 
and  affixed  to  the  coating  of  it  an  iron  chain, 
6  which 
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which  was  alfo  connedled  with  a  plate  of  metal, 
on  which  was  made  the  difcharge  by  the  dif- 
charging  rod  :  this  done  he  hooked  another 
chain,  much  longer,  and  of  brafs,  to  the  op- 
pofite  fide  of  the  jar,  and  brought  the  end  of  it 
within  eight  inches  and  an  half  of  the  metal 
plate.  In  conta6l  with  this  end  a  fmall  oak  (lick 
was  laid,  eight  inches  long,  which  was  covered 
with  faw-dufb  of  fire- wood.  On  making  the 
difcharge  upon  the  plate,  both  the  chains  were 
luminous  through  their  whole  lengths,  as  was 
alfo  the  favv-duft,  which  was  covered  by  a 
flreak  of  light,  making  a  very  pleafing  appear- 
ance. 

At  the  glafs-houfe  there  is  generally  a  great 
number  of  folid  flicks  of  glafs,  about  one  quarter 
of  an  inch  diameter ;  if  thefe  be  examined  nar- 
rowly, feveral  of  them  will  be  found  tubular  a 
confiderable  length ;  the  diameter  of  the  cavity 
feldom  exceeds  the  200th  part  of  an  inch.  Se- 
led:  and  break  off  the  tubular  part,  which  may 
be  filled  with  quickfilver  by  fucking,  care  being 
taken  that  no  moifture  previoufly  infinuatcs  it- 
felf ;  the  tube  will  then  be  prepared  for  the 
experiment. 

Experiment  cxli. — Pafs  the  fhock  through 
thb  fmall  thread  of  quickfilver,.  which  will  be 
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inftantly  difploded,  and  will  break  or  fplic  the 
tube  in  a  curious  manner.* 

Experiment  cxlii. — Take  a  glafs  tube,  the 
bore  of  which  is  about  one  quarter  of  an  inch, 
fill  it  with  water,  and  flop  the  ends  with  cork, 
infert  two  wires  through  the  corks  into  the  tube, 
fo  that  their  ends  may  nearly  touch,  make  the 
ends  of  thefe  part  of  a  circuit  from  a  battery; 
on  the  difcharge,  the  water  will  be  difperfed  in 
every  diredlion,  and  the  tube  blown  to  pieces  by 
the  difcharge. 

The  eledric  fluid,  like  common  fire,  con^ 
verts  the  water  into  an  highly  elaftic  vapour. 
Dr.  Franklin,  on  repeating  this  experiment  with 
ink,  could  not  find  the  leaft  iiain  upon  the  white 
paper,  on  which  the  tube  had  been  placed. 
Eeccaria  pafTed  the  fliock  through  a  drop  of 
water,  which  was  fupported,  in  the  center  of  a 
folid  glafs  ball,  between  the  ends  of  two  iron 
wires,  and  xhe-ball  was  Hiivered  in  pieces  by  the 
explofion.  On  thisiprinciple  he  contrived  what 
he  calls  an  electrical  mortar,  which  will  throw  a 
fmall  leaden  ball  to  the  diftance  of  twenty  feet. 
It  is  clear,  from  feveral  of  the  foregoing  experi- 
ments, that  the  eledric  fluid  endeavours  to  ex- 

W  plode, 

*  Nicho  Ifon's  Introdudion  to  Philofopliy,  p.  413-: 
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plode,  in  every  diredlion,  the  parts  of  the  relifting 
fubllances  through  which  it  palTes. 

Experiment  cxliii. — Place  a  building,  which 
is  formed  of  feveral  loofe  pieces  of  wood,  on  a 
wet  board  in  the  middle  of  a  large  bafon  of 
water,  let  the  electric  fiafh  from  a  battery  be 
made  to  pafs  over  the  board,  or  over  the  water, 
or  over  both  ;  the  water  will  be  ftrongly  agitated, 
and  the  building  thrown  down.  The  report  is 
louder  than  when  the  '  exploiion  pafles  only 
through  the  air.  The  ele&ic  fluid  endeavours 
to  pafs  near  the  furface  of  the  water  where  it 
meets  with  more  reiiftance,  than  if  it  is  forced 
to  pafs  through  it.  This  partly  arifes  from  the 
power  the  eiedric  fluid  has  of  raifing  an  expan- 
live  vapour  from  the  furface  of  the  water,  which 
drives  off  the  refifting  air. 

A  difcharge  palled  over  the  furface  of  a  piece 
of  ice  will  leave  on  it  fmall  unequal  cavities,  ex- 
hibiting the  fame  appearance  as  if  a  hot  chain 
had  been  placed  on  it. 

A  difcharge  lent  through  a  green  leaf  tears 
the  furface  in  various  directions,  leaving  an 
image  in  miniature  of  fome  of  the  effects  of 
lightning.  A  difcharge  will  pafs  to  a  certain 
diftance  over  fpirit  of  wine,  without  inflaming 
it;  but,  if  the  diftance  is  increafed,  it  will  fet 

it 
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it  on  fire.  From  hence  it  appears,  that  the 
facility  with  which  the  ele6lric  fire  is  tranfmitted 
over  the  furface  of  moifl  fubftances,  depends 
on  the  eafe  with  which  they  are  turned  into 
vapours. 

The  difcharge,  in  melting  the  particles  of 
metals,  drives  into  it's  palTage  the  conducing 
vapours  which  arife  from  them;  and  in  pro- 
portion as  the  parts  of  any  body  are  more  rea« 
dily  driven  into  vapour  or  dud,  the  fpark  will 
run  to  a  greater  diilance. 

Experiment  cxliv. — If  a  wire  is  fLretched 
by  weights,  and  a  fhock  is  fent  through  it  that 
will  render  it  red  hot,  it  is  found  to  be  coniider- 
ably  lengthened  after  the  difcharge.  When  the 
wire  is  loofe,  it  is  faid  to  be  fhortened  by  the 
explofion. 

Experiment  cxlv. — If  a  long  narrow  trough 
of  water  is  made  part  of  the  circuit  in  the  dif- 
charge of  a  battery,  and  a  perfon's  hand  be  im- 
merged  in  the  water  at  the  time  of  the  explofion, 
he  will  feel  an  odd  vibration  in  the  water,  very 
different  from  an  eledrical  Ihock.  The  quick 
llroke  from  the  repercuffion  of  the  air  and  the 
Vapour,  is  communicated  to  the  hand  by  the^ 
water,  and  the  hand  receives  a  Hiock  fimilar  to 
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that  received  by  a  fliip  at  Tea  during  an  earth- 
quake. 

Experiment  cxLvi.-^Place  a  plain  piece  of 
metal  between  the  points  of  the  univerfal  dif- 
charger,  pafs  feveral  explolions  of  a  battery 
through  the  wires,  and  the  difcharges  will  gra- 
dually form  on  the  metal  different  circles,  beau- 
tifully tinged  with  the  prifmatic  colours.  The 
circles  appear  fooner,  and  are  clofer  to  each 
other,  the  nearer  the  point  is  to  the  furface  of 
the  metal.  The  number  of  rings,  or  circles, 
depend  on  the  fliarpnefs  of  the  point ;  the  ex- 
periment therefore  fucceeds  better  if  a  Iharp 
needle  is  failened  to  one  of  the  points  of  the 
difcharger. 

Several  very  curious  experiments  were  made 
by  Dr.  Watfon  and  others,  to  afcertain  the  dif- 
tance  to  which  the  eled:ric  fliock  might  be  con- 
veyed, and  the  velocity  with  which  it  moves. 
In  his  firft  experiment,  the  fhock  was  given  and 
fpirits  fired  by  the  elcdiric  matter,  which  had 
been  conveyed  through  the  river  Thames.  In 
the  next  experiment,  the  electric  fluid  was  made 
to  pafs  through  a  circuit  of  two  miles,  eroding 
the  New-river  twice,  going  over  feveral  gravel- 
pits,  and  a  large  field.  It  was  afterwards  con- 
veyed through  a  circuit  of  four  miles.     It  palTed 
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over  thefe  fpaces  inftantaneoufly  as  to  fenfe. 
This  fenfible  inftantaneity  in  the  motion  of  the 
eledlric  fluid  was  afcertained  by  an  obfervcr, 
who,  though  in  the  room  with  the  charged  phial, 
was,  at  the  fame  time,  in  the  middle  of  a  circuit 
of  two  miles,  and  felt  himfeif  fhocked  at  the  fame 
inftant  he  faw  the  phial  difcharged. 

Notwithftanding  this  furpriiing  velocity,  it  is 
certain,  that  both  fides  of  a  charged  phial  may 
be  touched  fo  quickly,  even  by  the  belt  conduc- 
tors, that  all  the  electric  matter  has  not  time  to 
make  the  circuit,  and  the  phial  will  remain  but 
half  difcharged  ;  and  there  are  feveral  inflanccs 
where  the  motion  appears  flow,  and  not  eafily 
reconcilable  with  this  immeafurable  velocity ; 
and  it  is  alfo  certain,  that  this  fluid  is  refifted  in 
it's  paflTage  through,  or  over,  every  fubflance. 

The  wonderful  part  of  the  foregoing  experi- 
ments will  vanifh,  if  wc  admit  the  reafoning  of 
Mr.  Volta  on  this  fubjed:;  and  the  reader  will 
find  his  reafoning  confiderably  ftrengthened 
by  experiments  120,  121,  122  of  this  EfTay, 
which  were  originally  made  by  Mr.  Atwood; 
though  it  muft  be  owned,  thefe  experiments 
feem  to  lead  much  further,  and  give  an  idea  of 
the  direction  of  the  eledric  fluid  in  the  difchargc 
of  the  Ley  den  phial,  which  differs  altogether  from 
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The  Riilovving  account  is  extraded  from  a 
very  long  paper  of  Mr.  Volta,  in  the  Journal  de 
Phyiique  for  1779  : 

Let  us  fuppofe  that  ^,  h,  c^  d^  e^  f,  g\  b,  i, 
k,  ly  m,   n,   Oy  hold  hands ;    let  a  grafp  the  out- 
lide  of  a  charged  Leyden  pliial,  and  0  touch     .e 
knob  ;  at  the  inftant  0  receives  the  fire  difcharged 
from  the  infide  by  the  knob,  a  will  furni.:  from 
his  natural  (lock  to  the  outfide,  without  waiting 
till  the  fire  arrives  to  him  from  o^  by  n^  to/;/,  &c.  in 
the  mean  while  the  lofs  of  ^  is  compenfated  from 
hy  and  h  is  fumiflied  with  frefh  matter  from  f, 
and  fo  on.     It  is  ftill  true,  that  there  is  but  one 
ftream,  if  we  conlider  only  the  diredlion  of  the 
fluid,  which  is  excited  limultaneoufly  at  the  two 
extremities,  and  moves  at  the  fame  inflant  of 
time ;  though,  to  fpeak  more  accurately,  it  is  n  ot 
one  ftream,  but  two  united  in  one.     If  the  ex- 
treme rapidity  Vv/ith  which  the  fire  palfes,  did  not 
prevent  our  perceiving  the  fucceffive  commotions 
received  by  the  perfons  who  form  the  chain,  we 
ihould  find  they  did  not  follow  the  order  <?,  n^ 
m,  I,  but  were  felt  fimultaneoufly,  firft  at   the 
two  extremities  0  and  a,  then  at  n  and  ^,  m  and  c, 
&c.  advancing  towards  the  middle  of  the  chain. 
Agreeable  to  this,  if  the  bottle  is  fmall,  the  lon- 
ger the  circuit  is  made,  thofe  who  are  furtheft 
from  the  extremities  find  the  (hock  weaker. 

To 
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To  render  this  account  more  clear,  feparate 
the  circuit,  and  form  on  a  dry  floor  two  rows, 
ay  by  Cy  dy — Cy  fy  gy  ky  intcrruptcd  in  the  middle  ; 
let  e  grafp  the  bottle  by  the  outiide,  and  a  excite 
the  diicharge  by  touching  the  knob  of  the  bottle  ; 
now,  xf  the  elec^tric  fire  was  obliged  to  take  the 
fhortefl:  courle  to  come  to  the  exterior  and  nega- 
tive furface,  it  ought  to  defcend  to  the  feet  of  ^, 
pafs  over  the  boards  to  the  feet  of  <?,  and  then 
through  him  to  the  outfide,  without  ading  on 
fy  gy  h,  which  would  be  out  of  it's  circuit.  But, 
contrary  to  this,  the  fluid  goes  out  of  the  dired: 
ccurfe,  to  follow  that  of  the  conducting  perfons, 
which  afford  it  a  proper  receptacle,  and  comes 
to  the  outiide  by  another  fource.  The  fire  which 
goes  from  the  infide  from  e  to  /,  gy  hy  gives 
them  a  fenfible  fenfation  in  their  hands  and 
their  heels,  (hewing  itfclf  by  a  fpark,  if  the 
hands  and  the  feet  are  feparated  a  little  from  each 
other,  and  finifnes  by  diffipating  itfeif  in  the 
common  refervoir.  In  the  fam.e  m.anner  dy  who 
lirfl:  gives  the  fire  to  the  outfide,  receives  it  fuc- 
cefliveiy  from  r,  b^  a,  who  all  draw  it  in  from 
the  floor.  The  flream  therefore,  which  proceeds 
from  the  knob  of  the  bottle,  pafling  through  the 
conducting  fubftance,  lofes  itfeif  in  the  general 
fource ;  while,  from  the  fame  fource,  a  fafficient 
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quantity  is  taken  to  fupply  the  deficiency  of  the 
exterior  furface. 

If  fy  gy  b,  do  not  form  a  chain,  but  are  irre- 
gularly placed  round  e,  the  politive  part  of  the 
fluid  may  be  feen  to  fpread  itfelf  on  different 
fides,  and  divide  itfelf  in  different  branches  to 
reach  the  fioor.  The  fluid  will  in  the  fame 
manner  rife  from  the  floor  to  reach  d^  if  a,  by 
and  Cy  are  irregularly  placed  round  him ;  fo  that 
each  furface  excites  it's  own  ftream ;  one  that 
enters  the  bottle,  the  other  proceeding  from  it. 
Thus  alfo,  in  the  foregoing  experiments  of  Dr. 
Watfon,  where  it  has  been  fuppofed  that  the 
electric  fluid  has  made  fuch  amazing  circuits 
through  rivers,  over  fields,  &c.  the  fluid  from 
the  infide  was  difperfed  in  the  river,  at  the  inflant 
that  the  outfide  coUedledj,  from  the  fame  fource, 
fupplies  for  it's  own  deficiency. 

It  appears  alfo,  from  other  experiments,  that 
one  fide  of  a  charged  elcdlric  may  contain  more 
of  one  power  than  is  fufficient  to  ballance  the  con- 
trary power  on  the  other  fide.  For,  if  a  charged 
jar  is  infulated,  and  the  difcharge  is  made  by  a 
difcharger  v/ith  a  glafs  handle,  after  the  explofion, 
the  difcharger,  and  both  fides  of  the  jar,  will 
pofTefs  a  contrary  power  to  that  obtained  on  the 
fide  of  the  jar,  which  was  touched  the  laft  before 

the  difcharge. 
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CHAP.     IX. 

Gn  the  Influence  of  Pointed  Conductors 

?0R  BuiLDINiSS. 

THE  importance  of  eledricity,  as  well  as  it's 
univerfal  agenc/i  becomes  more  confpicU- 
©us,  in  proportion  as  our  acquaintance  with  it 
increafes.     We  find  no  fubftance  in  nature  which 
Is  not  aded  on  by  it,  either  as  a  condu6i:or  or 
non-conduc5lor ;  and  difcover,  that  the  furprifing 
phasnomena  of  thunder  and  lightning  owe  their 
origin  to,  and  are  of  the  fame  nature  with  it. 
Very  little  progrefs  had  been  made  in  eleftricity, 
when  the  analogy  between  the  eledlric  fpark  and 
lightning  was  difcovered  ;   but  the  fublime  idea 
of  realizing  thefe  conjedlures,  and  proving  that 
the  fire   which  fi^fhes  in  the  fky,  is  the  fame 
agent  which  explodes  and  gives  a  fhock  in  our 
experiments,  was  given  to  Dr*  Franklin;  who 
alfo  firft  fuggefted  the  utility  of  pointed  conduc- 
tors of  metal,  to  prcferve  buildings  from  the 
dreadful  eflPeds  of  lightning;   an  idea  which 
was  received  with  general  applaufe  and  approba- 
tion.    Since  this  period,  many  eledlricians  have 
been  induced  to  change  their  opinion  relative  to 
the  utility  of  theft  qondudlors ;  and  among  thofe 
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who  underftand  the  fubjedl  well,  it  has  been 
difputed,  whether  the  preference  ftiould  be  givers 
to  a  conduBor  with  a  pointed  end,  or  to  one 
which  has  ati  obtufe  termination. 

The  experiments  which  have  been  made  on 
this  fubjed  are  very  numerous  ;  but  the  greater 
part  appear  to  me  very  inconclulive,  and  prefent 
only  a  very  partial  view  of  the  fubjedt.  Among 
thefe  we  may  reckon  thofe  in  which  different 
fubftances  have  been  introduced,  to  reprefent 
the  a6lion  of  condudlors  on  clouds;  fince  the 
various  fubftanees  made  ufe  of  in  thefe  experi- 
ments, were  cohering  mafles,  in  which  they 
differ  elFentially  from  the  clouds  which  float  in 
the  air.  It  appears  alfo,  from  many  inflances^ 
that  lightning  does  not  pafs  in  one  undivided 
traft,  but  tha.t  neighbouring  bodies  carry  off 
their  fhare,  according  to  their  quantity  and 
conducing  power. 

A  pointed  condudlor,  which  communicates 
with  the  earth,  has  not  any  particular  power  of 
attracting  eledtricity,  and  a<5ts  only  as  any  other 
conducing  fubilance,  which  docs  not  refill  the 
paffage  of  the  eledlric  fluid. 

It  is  true,  that  cledlricity  pafTes  with  more' 
cafe  from  an   ele&ified  body  to  a  condudlor 
which  is  pointed,  than  to  one  which  is  flat  or 
globular ;  becaufe,  in  this  cafe,  the  elafticity  of 

the 
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the  elecflric  fluid,  and  it's  power  to  break  through 
the  air,  are  weakened  by  the  flat  furface,  which 
acquires  a  contrary  eledricity,  and  compenfates 
the  diminifhed  intenlity  more  ths^n  a  point  can ; 
the  point  being  eafily  rendered  negative,  while 
the  effort  of  the  fluid  to  efcape  from  the  elecflrified 
body,  is  greater  than  when  it  is  oppofed  by  a 
flat  furface.  So  that  it  is  not  the  particular  pro- 
perty of  a  point,  or  fiat,  but  the  different  ftate 
of  the  electrified  body,  which  caufes  it  to  part 
with  it's  eledricity  eafier,  and  from  a  greater 
difl:ance,  when  a  pointed  conducing  fubflancc 
is  prefented  to  it,  than  it  does  to  a  flat  or  globu- 
lar condudlor.* 

The  capacity  of  conductors  to  hold  eledlricity, 
is  in  proportion  to  the  furfaces  which  are  free,  or 
uninfluenced  by  a  fimilar  atmofphere ;  a  circum- 
ftance  which  will,  more  or  lefs,  affeCl  thofe  con- 
ductors which  are  applied  to  buildings,  according 
to  the  fl:ate  of  the  clouds  and  their  atmofphere, 
the  time  their  influence  has  been  exerted,  the 
nature  of  the  conducting  fl:rata  of  the  earth,  and 
it's  eleCtric  fituation. 

Beiides,  the  eleCtric  powers  mufl:  be  feparated 
before  any  body  can  be  eleCtrified  ;  and  the  point 
mufl:  be  in  afl:ate  to  give  one  kind  of  eleCtric ity, 
before  it  can  receive  the  other.  They  cannot  aft 

X  2  beyond 

*  See  Volta**  Paper^  Phil.  Tran,  vol,  72, 
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beyond  the  eledlric  atmofphere  of  the  body  to 
which  they  aie  prcfented,  and  their  adlion  is 
differently  mociificd  by  the  iiate  of  the  air. 

Fig.  68  reprefents  the  gable  end  of  a  houfc, 
fixed  vertically  on  the  hoi  izonral  board  F  G ; 
a  fquare  hole  is  made  in  the  gable  end  at  h  i,  into 
which  a  piece  of  wood  is  fitted  j  a  wire  is  infer  ted 
in  the  diagonal  of  this  little  piece ;  t\\o  wires  are 
alfo  fitted  to  the  gable  end';  'the  lower  end  of 
one  wire  ternnnating  at  the  iipper  corner  of  the 
fqviare  hole;  the  top  of  the  other  wire  is  fixed 
to  It's  lower  corner;  the  brafs  ball  on  the 
wire  may  be  taken  off,  in  order  that  the  pointed 
end  may  be  occafionally  expofed  to  receive  the 
exploiipn. 

Experiment  cxlvii. — Place  a  jar  with  it^s 
knob  in  contadl  with  the  condudtor,  conneft 
the  bottom  of  the  jar  with  the  hook  H,  then 
charge  the  jar,  and  bring  the  ball  under  the 
condu6:or,  and  the  jar  will  be  difcharged  by  an 
explofion  from  the  conductor  to  the  ball  of  the 
houfe.  The  wires  and  chain  being  all  in  con- 
ne6lion,  the  fire  will  be  conveyed  to  the  outfidc  of 
the  jar,  without  affecting  the  houfe:  but  if  the 
fquare  piece  of  wood  is  placed  fo  that  the  wires 
are  not  connected,  but  the  communication  cut  off, 
the  eledric  fluid,  in  palTing  to  the  outfide  of  the 
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bottle,  will  throw  out  the  little  piece  of  wood  to 
a  confiderable  diflance,  by  the  lateral  force  of 
the  explolion.  See  fig.  68. 

Unfcrew  the  ball,  and  let  the  point  which  is 
underneath  be  prefented  to  the  condudlor,  an4 
then  you  will  not  be  able  to  charge  the  jar;  for 
the  fharp  point  gradually  draws  the  fire  from  the 
conductor,  and  conveys  it  to  the  coating  on  the 
outfide  of  the  jar. 

The  prime  conduftor  is  fuppofed  to  reprefent 
a  thunder  cloud  difcharging  it's  contents  on  a 
weather-cock,  or  any  other  metal,  at  the  top  of 
a  building.  From  this  experiment  many  have 
inferred,  that  if  there  is  a  connexion  of  metal 
to  conduct  the  cledric  fluid  down  to  the  earth, 
the  building  will  receive  no  damage ;  but  where 
the  connexion  is  imperfecS,  it  will  llrike  from 
one  part  to  another,  and  thws  endanger  the  whole 
building* 

Experiment  cxLViii.-i—Mr.  Heniy  aflBxed  to 
the  top  of  a  glafs  fland  a  wire,  three-eighths  of 
^n  inch  in  diameter,  terrninated  at  one  end  by 
a  ball,  three-fourths  of  afi  inch  in  diameter,  and 
at  the  other  end  by  a  very  (harp  point ;  (fee  fig* 
69.)  round  the  middle  of  this  wire  hung  a  chain, 
twelve  inches  long;  heconnedled  the  chain  with 
the  coating  pf  a  charged  bottle,  and  brought  the 
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knob  of  it  very  gently  towards  the  ball  on  the 
infalated  wire,  in  order  to  obferve  precifcly,  at 
what  diftance  it  w^ould  be  difcharged  upon  it, 
which  conltantly  happened  at  the  diftance  of 
half  an  inch,  with  a  loud  and  full  explofion. 
Then  charging  the  bottle,  he  brought  it  in  the 
fame  gradual  manner  towards  the  point  of  the 
infulated  wire,  to  try  alfo  at  what  diftance  it 
would  be  ftruck  ;  but  this,  in  many  trials,  never 
happened  at  all ;  the  point  being  approached  in 
this  gradual  manner,  always  drew  off  the  charge 
imperceptibly,  leaving  fcarce  a  fpark  in  the 
bottle. 

Experiment  cxlix.- — The  fame  gentleman 
conceded  a  jar,  containing  505  fquare  inches 
of  coated  furface,  with  the  prime  condudor ;  fee 
fig.  68.  If  the  jar  was  fo  charged  as  to  raife  the 
elc  Urometer  to  60°,  by  bringing  the  ball  on  the 
wire  of  the  thunder  houfe,  to  half  an  inch  dif- 
tance from  that  conneQed  with  thp  prime  con- 
dudor,  the  jar  would  be  difcharged,  and  the 
piece  in  the  thunder  houfe  thrown  out  to  a  con- 
fiderable  diftance.  Uiing  a  pointed  wire  as  a 
conductor  to  the  thunder  houfe,  inftead  of  the 
knob,  the  charge  being  the  fame,  the  jar  was 
difcharged  lilently,  though  fuddenly,  and  the 
piece  was  not  thrown  out. 

Experiment 
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Experiment  cl. — He  afterwards  made  a 
double  circuit  to  the  thunder  houfe;  the  firft  by 
a  knob,  the  fecond  by  a  fliarp  pointed  vv'ire,  at 
an  inch  and  a  quarter  dillance  from  each  other, 
but  exadlly  the  fame  height.  The  charge  being 
the  fame,  the  kiicb  was  firfl:  brought  under  the 
prime  conductor,  vvhich  was  half  an  inch  above 
it,  and  followed  by  the  point  at  an  inch  and  a 
quarter  diflance,  yet  no  explolion  fell  upon  the 
ball,  as  the  point  drew  off  the  charge  filently,  and 
the  piece  in  the  thunder  houfe  remained  un- 
moved. 

Experiment  cli. — He  infulated  a  large  jar, 
and  connedled,  by  chains,  with  the  externa! 
coating,  on  one  fide,  a  knob,  on  the  other  a 
fharp  pointed  wire,  both  being  infulated,  and 
Handing  five  inches  from  each  other,  (fee 
fig.  70,)  and  placed  an  infulated  copper  ball, 
eight  inches  in  diameter,  fo  as  to  ftand 
cxadlly  at  half  an  inch  diflance  both  from  the 
knob  and  the  point ;  the  jar  was  then  charg- 
ed, and  the  difcharge  made  by  the  difcharging 
rod  on  the  copper  ball,  from  whence  it  leaped 
to  the  knob  A,  which  was  three  quarters  of  aa 
inch  in  diameter,  the  jar  was  difcharged  by  a 
loud  and  full  explofion,  and  the  chain  was  very 
luminous. 

Experiment 
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Experiment  cui. — Mr.  Henly  fufpendcd  l^  at 
filk  ftring,  fromoneendof  a  wooden  bar,  which 
turned  freely  in  an  horizontal  dircdlion  upon 
the  point  of  a  needle,  a  large  bullock's  bladder, 
gilded  with  leaf  copper ;  the  bladder  was  bal- 
lanced  by  a  weight  at  the  other  end  of  the  arm ; 
(fee  fig.  7 1  ;)  he  gave  a  ftrong  fpark  from  the 
knob  of  a  charged  phial  to  the  bladder  ;  he  then 
prefented  towards  it  a  brafs  ball,  two  inches  in 
diameter,  and  obferved  that  the  bladder  would 
come  towards  it  at  the  diftance  of  three  inches  ; 
and  when  it  got  within  an  inch,  would  throw 
off  it's  eledricity  in  a  full  fpatk.  He  then  gave 
it  another  fpark,  and  prefented  a  pointed  wire 
towards  the  bladder,  which  never  approached 
to  thQ  point,  nor  ever  gave  any  fpark,  the  elec-* 
tricity  being  carried  off. 

Experiment cLiii. — Take  two  or  three  fine 
locks  of  cotton,  fallen  one  of  them  to  the  con- 
dudor  by  a  fine  thread,  another  lock  to  that,  and 
a  third  to  the  fecond,  put  the  machine  in  adion^ 
and  the  locks  of  cotton  will  expand  their  fila* 
ments,  and  will  extend  themfelves  towards  the 
table.  Prefent  a  fliarp  point  under  the  loweft, 
and  it  will  ihrink  up  towards  the  fecond,  and 
this  towards  the  firfl^  and  all  together  towards 
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the  prime  conduQor,  v/here  they  will  continue 
as  long  as  the  point  remains  under  them. 

Experiment  cliv. — Faften  a  number  of  fine 
threads,  or  hair,  to  the  end  of  the  prime  conduc- 
tor; when  the  cylinder  is  turned,  thefe  will 
diverge  like  rays  proceeding  from,  a  center :  con- 
tinue turning  the  cylinder,  and  prefent  a  point 
towards  one  fide  of  the  conducflor,  and  the 
threads  on  one  fide  will  hang  down,  and  lofe 
their  divergence,  but  thofe  on  the  other  fide 
will  fi:ill  continue  to  diverge  ;  which  fliews,  that 
the  power  of  points  to  draw  off  eledlricity,  does 
not  extend  round  the  electrified  body,  when 
means  are  ufed  to  keep  up  the  fupply  of  electri- 
city. 

Fig.  72  reprefentsan  oval  board,  three  feet 
long  and  two  feet  broad,  coated  on  both  fides 
with  tin-foil,  and  fufpended  by  filk  lines  from 
a  double  hook ;  this  turns  on  an  axis,  which  is 
faftened  to  one  arm  of  a  nice  ballance,  and  coun- 
terpoifed  at  the  other  arm  by  a  weight ;  part  of 
the  table  underneath  the  board  is  to  be  cover- 
ed with  tin-foil,  and  communicate  to  the  floor 
by  a  chain. 

Experiment  clv. — Connedl  the  pendulous 
board  with  the  prime  condudor  by  a  fmallvvire, 

-    Y  a  few 
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a  few  turns  of  the  machine  will  eleSrify  the 
apparatus.  When  this  experiment  was  made, 
the  board  was  attraded  by  the  table  at  fifteen 
inches  diilance;,  and  difcharged  itfelf  with  a 
flrong  fpark.  The- fame  happened  to  a  metal 
ball  which  was  placed  on  the  table^  the  board 
approaching  till  it  Vv^as  about  one  inch  from  the 
ball,  and  then  difcharging  itfelf  by  a  fpark.  If 
a  point  is  fixed  on  the  board  inftead  of  a  knob, 
the  pendulous  board,  though  it  begins  to  ap- 
proach, fl:ops  at  about  four  or  five  inches  from 
the  table,  aixl  it  will  not  approach  nearer,  or 
give  a  fpark :  a  fmall  light  is  feen  upon  the 
point  in  the  dark.  A  Leydsn  phial  was  then 
connecfled  with  the  prime  conductor ;  it  now 
required  more  turns  of  the  machine  to  charge 
the  apparatus ;  the  effed:  was  the  fame  as  before. 
The  counterpoife  was  now  held,  that  the  board 
might  not  difcend  till  it  had  received  a  full 
charge  :  v/hen  fet  at  liberty,  it  was  not  only 
attraded  by,  but  alfo  gave  a  loud  explofion  on 
the  point,  infomuch,  that  the  tin-foil  round  it 
was  ftained  by  the  overflowing  of  the  fire. 

The  following  experiment  is  extracted  from 
*^  An  Account  of  Experiments  made  at  the 
Pantheon,  on  the  Nature  and  Ufe  of  Conductors,"' 
by  Mr.  Wilfon.  It  was  made  in  order  to  point 
out  what  he  deemed  erroneous  in  an  experiment 

ef 
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of  Mr.  Henly,    which   is    the    151(1   of   this 
Eflay. 

The  circuit  of  communication  was  divided 
into  two  parts. 

A  bent  rod  of  brafs,  with  a  ball  of  the  fame 
metal,  three  quarters  of  an  inch  in  diameter, 
fcrewed  on  to  the  upper  extremity  of  it,  and  a 
copper  ball,  five  inches  in  diameter,  fcrewed  on 
to  the  lowxr  end,  forms  one  of  the  parts.  This 
part  was  fupported  by  a  fland  of  wood  that  had  a 
cap  of  brafs  at  the  top,  into  which  the  brafs  rod 
was  occafionally  fcrewed. 

The  other  part  of  the  circuit  confifted  of  a 
brafs  rod  alfo  ;  one  end  of  which  branched  out 
in  the  form  of  a  fork,  with  two  prongs  that 
pointed  towards  the  center  of  the  copper  ball; 
and  thofe  prongs  were  fo  conftruded,  that  either 
of  them  could  be  made  longer  or  fiiorter,  juft  as 
the  experiment  required-  On  the  end  of  one  of 
the  prongs  was  fixed  a  ball  of  brafs,  three  quarters 
of  an  inch  in  diameter,  and  on  the  other  a  fharp 
fteel  point  or  needle.  The  fhoulder  of  this  fork 
fcrewed  into  a  fmall  plate  of  iron,  that  was  fixed 
on  theinfideofa  wooden  vefTel,  which  contained 
the  greatefl:  part  of  a  cylindrical  glafsjar,  twelve 
inches  three  quarters  high,  and  about  four 
inches  in  diameter.  This  glafs  was  rather  thick 
than  othervvife,  and   the  coating  of  it  "(which 
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was  tin-foil)  meafured  nearly  144  fquare  inches 
on  each  furface.  Beiides  this  coating,  part  of 
the  infide  of  the  wooden  veflel  was  coated  alfo 
with  tin-foil,  for  the  purpofe  of  making  a  fecure 
communication  between  the  iron  plate  and.  the 
outward  coating  of  the  jar.  Within  the  jar  itfelf 
was  fitted  a  cylinder  of  wood,  that  was  covered 
with  tin-foil  alfo,  to  make  a  communication 
between  the  iniide  coating  of  the  glafs  and  a  brafs 
rod,  that  was  fixed  upright  in  the  center  of  the 
wooden  cylinder.  This  upright  rod  having  a 
ball  of  brafs  at  the  end,  three  quarters  of  an  inch 
in  diameter,  was  bent  towards  the  firfV  part  of 
the  circuit ;  fo  that  the  two  balls  A  and  B,  in  fig. 
73,  being  upon  a  level,  looked  towards  each 
other,  but  were  placed  from  time  to  time  at 
different  diftances,  as  occafion  required  ;  and 
thus  anfwered  the  purpofe  of  an  electrometer. 

Mr.  Wilfon  began  the  experiments  where  the 
eledlrometer  was  ftruck  at  the  greateft  diftance, 
and  then  adjufted  the  diftances  of  the  ball  ac^ 
cordingly  ;  fo  that  if  the  point  was  ftruck  when 
they  were  adjufted,  the  rrioving  of  the  ball  the 
thirty-fecond  part  of  an  inch  would  occafion  the 
ball  to  be  ftruck  in  preference  to  the  point,  and 
vice  verfa.  Afrervrards  he  lefTened  the  ftriking 
diftance  of  the  elecTtrometer,  in  every  experirnentj, 
till  he  attained  the  leaft  diftancip^ 

Upoi) 


Electricity.  i8i 

Upon  reverfjng  part  of  the  apparatus^  and 
fixing  the  ball  to  the  bottle,  and  the  fork  to  the 
ftand,  all  thofe  experiments  were  repeated  again  ; 
the  copper  ball  being  put  nearefl  to  the  glafs,  in 
the  place  of  the  forked  part,  and  the  forked  part 
in  the  place  of  the  copper  ball.  This  fet  of  experi- 
ments  being  completed,  he  made  others,  where 
the  ball  only  was  oppofed ;  and  after  them,  where 
the  point  only  was  oppofed  to  the  copper  ball. 

Having  gone  through  all  thefe  experiments^ 
as  they  are  fet  down  in  the  firft  table,  he  then 
repeated  the  experiment  with  the  chain,  after 
Mr.  Henly's  manner.  The  refult  of  which,  and 
vnth.  the  apparatus  reverfed,  will  appear  in  the 
fecond  table. 
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T  A  B  L  E     L 

EXPEP^IMENTS    MADE    AT   Dr.    HiGGONS's^   JunE 
19,     1778,    WITH     THE    LeYDEN    PhIAL    AND 

Forked  Apparatus. 

N.  B.  The  meafures  expreffed  in  the  following  tables  were 
taken  from  a  fcale  containing  32  parts  in  one  inch. 

The  number  oppofite  the  word  eleftrometer,  denotes  the 
diftance  between  the  balls  which  conftitute  the  eleftro- 
meter  ;  and  the  numbers  oppofite  to  the  words  ball  and 
point,  fhew  the  greateft  diitance  at  which  they  were 
lefpedively  ftruck. 
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TABLE     11. 

Experiments  with   the  Chain,  after  Mr. 
Henly's  Manner. 

Point  and  Ball  oppofiU 
the  Leyden  Phial, 

r  Eleftiometer  —     21     — 

J  Ball  —         —     26     — 

[  Point  —         —     24     — 

TABLE     IIL 

The  Experiments  of  the  2d  and  3d  Table, 
repeated  at  Mr.  Partington's,  June  23, 

1778,  A  Brass  Chain  being  made  Use  of 

INSTEAD  OF  THE  FORKED  APPARATUS. 


Apparatus  reverfed, 
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Experiment  glvi. —  If  an  interruption  is 
made  in  each  of  two  limilar  circuits,  whicfi 
form  communications  between  the  charged  fur- 
faces  of  an  eledric  plate»  and  if  the  fpace  of  ait 
in  one  of  the  interruptions  is  terminated  by 
poitits,  and  in  the  other  by  balls,  the  difchargc 
will  be  made  through  the  circuit  of  which  the 
points  make  a  part,  although  the  length  of  the 
interrupted  fpace  of  air  is  coniiderably  greater 
than  that  in  the  other  circuit. 

Before  any  difcharge  takes  place,  the  two 
powers  are  fufpended  on  the  oppolite  furfaces  of 
the  charged  elecftric. 

An  eledlric  plate  may  bedifcharged  two  ways, 
cither  lilently  in  fome  feniible  portion  of  time, 
or  by  explolion  in  an  inftant :  in  either  cafe  ex- 
periments abundantly  fhcw,  that,  ceteris  paribus^ 
the  difcharge  will  be  made  through  a  pointed 
body  in  preference  to  a  round  termination. 

When  a  pointed  body  is  prefented  to  any" 
charged  furface,  a  cylindrical  plate  of  air,  of 
evanefcent  diameter,  is  charged  with  the  con- 
trary eledlricities  flrongly  attra6ling  each  other 
through  it ;  and  the  quantity  of  air  being  fo 
fmall,  there  will  be  little  refiflance  to  their 
union ;  the  difcharge  will  be  made  by  exploHon 
in  preference  to  the  gradual  difcharge,  according 
as  the  oppofite  furfaces  (the  pointed  body  and 
4  ^^^ 
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the  furface  oppofed  to  it)  are  larger,  as  they  are 
nearer  each  other,  and  as  the  charge  is  greater; 
for  it  will' be  obferved,  that  a  point,  or  very  fmall 
fpherical  termination,  which  is  in  a  phyfical 
fenfe  a  point,  will  difcharge  any  quantity  of 
eledtricity  lilently  and  gradually  without  explo- 
lion,  while  it  is  at  a  fufl&cient  diilance  from  the 
oppoiite  charged  furface :  by  bringing  it  nearer, 
the  method  of  difcharge  will  be  altered  j  which 
will  now  be  a  fucceffion  of  fmall  explofions  very 
quickly  following  each  other.  The  reafon  of 
this  feems  to  be,  that  when  the  charged  furfaces 
are  very  near,  there  is  not  fufficient  time  for 
the  contrary  powers  to  unite  gradually,  nor  fuf- 
ficient room  in  w4iich  they  may  be  diifufed 
among  the  furrounding  air. 

This  is  confirmed  by  again  removing  the  two 
oppofed  furfaces  to  fuch  a  diftance,  that  the  dif- 
charge maybe  made  gradually;  in  this  cafe,  if 
the  parts  of  the  apparatus  are  fo  difpofed,  by  any 
kind  of  contrivance,  that  the  difcharge  mufb 
necelTarily  be  made  fuddenly,  the  method  of 
difcharge  will  be  again  altered,  becoming  novv  a 
fucceffion  of  explofions,  inftead  of  a  gradual  cur- 
rent between  the  oppofed  furfaces  :  this  fudden- 
nefs  of  the  difcharge  may  be  effected  by  a  proper 
ufe  of  interruptions  in  the  circuit ;  it  may  alfo 
be  caufed  by  motion ;   if  either  furface  be  moved 
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bfifkly  toward  the  other,  the  exploiion  of  the 
charge  will  be  promoted. 

Elevated  condudors  applied  to  buildings,  as 
a  fecurity  from  the  effedis  of  lightning,  will  con-  ' 
tribute  to  difcharge  the  electricity  from  a  cloud 
that  paiTes  over  them^ :  and  a  greater  quantity  of 
the  difcharge  will  pafs  through  a  pointed  con- 
dudor,  than  through  one  which  is  terminated 
by  a  ball ;  bjt  whether  the  difcharge  will  be 
made  by  a  gradual  current,  or  by  exploiion,  will 
depend  on  the  fuddennefs  of  the  difcharge,  on 
the  proximity  of  the  cloud,  it's  motion,  and  the 
quantity  of  the  elcLlricity  contained  in  it.  If  a 
fmall  cloud  hangs  fufpended  under  a  large  cloud 
loaded  with  eleclric  matter,  pointed  condudlors 
on  a  building  underneath  will  receive  the  dif- 
charge by  exploiion,  in  preference  to  thofe  ter- 
minated by  balls,  the  fmall  cloud  forming  an  in- 
terruption, which  allows  only  an  infiant  of  time 
for  the  difcharge.  If  a  fingle  eledlric  cloud  is 
driven  with  confiderabk  velocity  near  to  a  pointed 
conductor,  the  charge  may  be  caufed  to  explode 
upon  it  by  the  motion  of  the  charged  body.  In 
other  cafes,  pointed  conductors  contribute  to 
difcharge  a  thunder  cloud  gradually  without 
exploiion. 

Mr.  Wilfon's  experiments,  publiflied  in  the 
Philofophical  Tranfadions  1778,   have  contri- 
buted 
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buted  greatly  to  explain  the  efFedls  of  points  in 
difcharging  the  eleftric  matter. 

If  a  conical  pointed  body  were  inferted  into  a 
fimilar  hollow  cone,  formed  into  an  eledrified 
folid,  the  furfaces  of  the  two  cones  being  equi- 
diflant,  no  greater  difcharge  of  the  eledrics 
would  follow,  than  if  the  two  conical  furfaces 
had  been  plain,  and  oppofed  to  each  other  at 
the  fame  diftance. 

Experiment  clvii. — If  two  ekclric  plates  be 
charged,  and  a  communication  formed  between 
the  politive  fide  of  one,  and  the  negative  fide  of 
the  other,  no  difcharge  will  follow;  unlefs  a 
communication  be  formed  between  the  other 
two  furfaces  at  the  fame  time. 

The  natural  ele6lricity  in  the  atmofphere  is 
frequently  difcharged  in  this  manner:  Two 
clouds  being  eledlrified  with  oppofite  powers, 
the  furfaces  of  the  earth  immediately  under  them 
are  like  wife  eledrified  with  powers  contrary  to 
thofe  in  the  clouds  above  them ;  and  the  moifture 
of  earth  forming  a  communication  between  the 
two  contiguous  charged  furfaces,  whenever  the 
two  clouds  meet,  there  will  follow  a  difcharge, 
both  of  the  clouds  and  furfaces  on  the  earth  op- 
pofed to  them.  If  the  earth  fhould  be  dry,  and 
^PAfequently  afford  a  refifiance  to  the  union  of 
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the  two  elsclricities  accumulated  on  or  under 
it's  furface,  there  will  follow  an  explofion  in  the 
earth  as  well  as  in  the  atmofphere,  which  will 
produce  concufiions  and  other  phsenomena  which 
have  frequently  been  obferved  to  happen  ia 
dry  feafons,  particularly  in  thofe  climates  v/hich 
are  the  mod  liable  to  ftorms  of  thunder  and 
lightning. 

Observations  on  the  Action  of  Conductors. 

*'  Ever  fince  the  difcovery  of  the  identity  of 
electricity  and  lightning,  it  has  been  allowed 
by  all  pardes,  that  condudlors  of  fome  kind  arc 
in  a  manner  necelTary  for  the  fafety  of  buildings 
in  thofe  countries  where  thunder  llorms  are  very 
frequent.  The  principle  on  which  they  a6l  is 
this ;  that  the  eleftric  fluid,  when  impelled  by 
any  power,  always  goes  to  that  place  where  it 
meets  with  the  lead  refinance.  Now,  as  metals 
are  found  to  give  the  leaft  reiiftance  to  it*s 
pafiage,  it  will  always  choofe  to  run  along  a 
metalline  rod,  in  preference  to  a  paffage  of 
any  other  kind.  But  it  is  neceflary  to  obferve 
here,  that  eledricity  never  ftrikes  a  body  merely 
for  the  fake  of  the  body  itfelf,  but  as  by  means 
of  that  body  it  can  arrive  at  the  place  of  it's 
^ellination.     When  a  quantity  of  eledricity  is 
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GolIe6ied  from  the  earth,  by  means  of  an  elc&ic 
machine,  a  body  communicating  with  the  earth 
will  receive  a  flrong  fpark  from  the  prime  con- 
dudlor  ;  it  receives  this  fpark,  not  becaufe  it  is 
capable  of  containing  all  the  electricity  of  the 
cylinder  and  condudtor,^!  but  becaufe  the  natural 
fituation  of  the  fluid  being  difturbed  by  the  mo- 
tion of  the  machine,  a  ftream  of  it  is  fent  off 
from  the  earth.  The  natural  powers,  therefore, 
make  an  effort  to  fupply  what  is  thus  drained  off 
from  the  earth ;  and  as  the  individual  quantity 
which  comes  out  is  moft  proper  for  fupplying 
the  deficiency,  as  not  being  employed  for  any 
natural  purpofe,  there  is  always  an  effort  made 
for  returning  it  to  the  earth.  No  fooner,  then, 
is  a  condudling  body,  communicating  with  the 
earth,  prefented  to  the  prime  condudor,  than 
the  whole  effort  of  the  eledricity  is  directed 
againft  that  body ;  not  merely  becaufe  it  is  a  con- 
dudlor,  but  becaufe  it  leads  to  the  place  where 
the  fluid  is  direfted  by  the  natural  powers  by 
which  it  is  governed,  and  at  which  it  would  find 
other  means  to  arrive,  though  that  body  were 
not  to  be  prefented.  That  this  is  the  cafe,  we 
may  eafily  fee,  by  prefenting  the  fame  conduc- 
ting fubftance  in  an  infulated  ftate  to  the  prime 
conductor  of  the  machine,  when  we  fhall  find 
pnly  a  fmall  fpark  will  be  produced.     In  like 
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manner,  when  lightning  flrikes  a  tree,  a  houfe, 
or  a  thunder-rod,  it  is  not  becaufe  thefe  objeds 
are  high,  or  in  the  neigboarhood  of  the  cloud, 
but  becaufe  they  communicate  with  fome  place 
below  the  furface  of  the  ground,  againft  which 
the  impetus  of  the  lightning  is  direded^  and  at 
that  place  the  lightning  would  certainly  arrive, 
though  none  of  th^  above-mentioned  objedts  had 
been  interpofed. 

"  When  the  atmofphere  begins  to  be  eledlri- 
fied,  either  negatively  or  pofitively,  the  earth, 
jby  means  of  the  inequality  and  moiflure  of  it's 
furface,  but  efpecially  by  the  vegetables  which 
grow  upon  it,  abforbs  that  eledricity,  and  quickly 
becomes  eledlrified  in  the  fame  manner  with  the 
atmofphere ;  this  abforption,  however,  ceafes  in 
a  very  fhort  time,  becaufe  it  cannot  be  continued 
without  fetting  in  motion  the  whole  of  the  elec- 
tric matter  contained  in  the  earth  itfelf.  Alter^ 
nate  zones  of  poiitive  and  negative  eledlricity 
will  then  begin  to  take  place  below  the  furface 
of  the  earth,  for  reafons  given  in  the  courfe  of 
this  Eflay.  Between  the  atmofphere  and  one  of 
thefe  zones  the  ftroke  of  lightning  will  always 
be.  Thus,  fuppoling  the  atmofphere  is  pofitively 
dedlrified,  the  furface  of  the  earth  will,  by  means 
of  trees,  &c.  quickly  become  pofitively  elec- 
trified alfo,  we  will  fuppofe  to  the  depth  of  ten 
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feet:  the  ele6lricity  cannot  penetrate  further,  on 
account  of  the  reliftance  of  the  elecflric  matter 
in  the  bowels  of  the  earth.  At  the  depth  of 
ten  feet  from  the  furface,  a  zone  of  negatively 
eledtrified  earth  begins,  and  to  this  zone  the  elec- 
tricity of  the  atmofphere  is  attracted;  but  to 
this  it  cannot  get,  without  breaking  through  the 
politively  eledlrified  zone,  which  lies  uppermofl, 
and  fhattering  to  pieces  every  bad  condudor 
which  lies  in  it's  way.  We  are  therefore  fure,, 
that  in  whatever  place  the  outer  zone  of  politively 
elecftrified  earth  is  thinned,  there  the  lightning 
will  ftrike,  whether  a  condudor  happens  to  be 
prefent  or  not.  If  there  is  a  conductor,  either 
with  a  knob  or  fharp  pointed,  the  lightning  will 
infallibly  flrike  it :  but  it  would  alfo  have  llruck 
a  houfe  lituated  on  that  fpot  without  any  con- 
du6lor;  and  if  the  houfe  had  not  been  there, 
it  would  have  ftruck  the  furface  of  the  ground 
itfelf.  Again,  if  we  fuppofe  the  houfe  with  it  s 
condudor  to  ftand  on  a  part  of  the  earth  where 
the  pofitively  eledlrified  zone  is  very  thick,  the 
condudor  will  neither  filently  draw  off  the  elec- 
tricity, nor  will  the  lightning  llrike  it ;  though, 
perhaps,  it  may  flrike  a  much  lower  obje6l,  or 
even  the  furface  of  the  ground  itfelf  at  no  great 
dillance;  the  reafon  for  which  undoubtedly  is, 
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that  there  the  pofitively  eledrified  zone  is  thlri** 
ner  than  where  the  condudor  was. 

"  To  fuppofe  that  a  pointed  condudlor  will 
cxhauft  a  thunder  cloud  of  it's  eledricity,  muii 
at  firft  fight  appear  trifling,  to  infift  on  it,  ridi- 
culous. Innumerable  objects  are  all  confpiring 
to  draw  off  the  eledlricity  as  well  as  the  con- 
dudlor,  if  it  could  be  drawn  off;  but  of  afFedling 
this,  there  is  an  impoflibility,  becaufe  they  have 
the  fame  kind  of  eledlricity  with  the  clouds  them- 
felves. 

«'  Beiides,  Beccaria  has  obferved,  that  during 
the  progrefs  and  increafe  of  the  ftorm,  though 
the  lightning  frequently  {Vruck  to  the  earth,  yet 
the  fame  cloud  was  the  next  moment  ready  to 
make  a  greater  difcharge,  and  his  apparatus  con- 
tinued to  be  as  much  aifevfted  as  ever. 

"  The  condu(5lor  has  not  even  the  power  of 
attracimg  the  lightning  a  few  feet  out  of  the 
direction  it  would  choofe  itfelf :  of  this  we  have 
a  mod  decifive  inftance  in  what  happened  to  the 
magazine  at  Purfleet,  in  Elfex.  That  houfe  was 
furnifhed  with  a  condudor,  raifed  above  the 
higheft  part  of  the  building ;  neverthelefs,  a  flafh 
of  lightning  (Iruck  an  iron  cramp  in  the  corner 
of  the  wall  of  the  building,  confiderably  lower 
than  the  top  of  the  condudtor,  and  only  forty-fix 
feet  in  a  floping  line  diftant  from  the  point. 

''  The 
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^  The  condudlor,  with  all  it*s  power  of  draw- 
ing off  the  eledlric  matter,  was  neither  able  to 
pi'event  the  flafh,  nor  to  turn  it  forty-fix  feet 
out  of  it's  way.    The  matter  of  fadl  is,  the  light- 
ning was  determined  to  enter  the  earth  at  the 
place  where  the  Board-houfe  (lands,  or  near  it ; 
the  condudor,  fixed  on  the  houfe,  offered  the 
ealieft  communication,  but  forty-lix  feet  of  air 
intervening  between  the  point  of  the  condud:or 
and  the  place  of  the  exploiion,  the  refiftance  was 
■  kfs  through  the  blunt  cramp  of  iron,  and  a  few 
bricks  moiftened  with  the  rain  to  the  fide  of  the 
metalline  condu6lor,  than  through  the  forty-fix 
feet  ofairtoit's  point,  for  the  former  was  the 
way  in  which  the  lightning  adually  pafTed. 

"  The  zig-zag  kind  of  lightning  is  the  moll 
dangerous,  becaufe  it  mufl  overcome  a  very 
violent  refiilance  of  the  atmofphere,  and  where- 
ever  that  refiftance  is  in  the  fmallefl  degree  lefTen- 
ed,  there  it  will  undoubtedly  ftrike,  and  even  at 
a  confiderable  diflance.  It  is  otherwifc  with  that 
kind  that  appears  in  flafhes  of  no  determinate 
form  I  the  eledlric  matter  of  which  is  evidently 
difhpated  in  the  air  by  fome  conducing  fub- 
flances  which  are  prefent  there,  and  they  are 
therefore  rendered  lefs  powerful. 

*^  The  mofl  deftrudive  kind  of  lightning  is 
liiat  which  afTumes  the  form  of  balls.   Thefe  are 
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produced  by  an  exceeding  great  power  of  elec- 
tricity, gradually  accumulated  till  the  refiftancc 
of  the  atmofphere  is  no  longer  able  to  confine  it. 
In  general,  the  lightning    breaks  out  from  the 
cledirified  cloud  by  means  of  the  approach  of  fome 
condudling  fubftance;  but  the  fire-balls  feem  to 
be  formed  not  becaufe  there  is  any  fubilance  at 
hand  to  attradl  the  eledlric    matter  from  the 
cloud,  but  becaufe  the  electricity  is  accumulated 
in  fuch  a  quantity  that  the  cloud  can  no  longer 
contain  it.      Hence,  fuch   balls   fiy  off  llowly^ 
and  have  no  particular  deftination ;    their  ap- 
pearance indicates  a  prodigious  commotion  and 
accumulation  of  eledlricity  in  the  atmofphere, 
without  a  proportionable  difpolition  in  the  earth 
to  receive  it.     This  difpofition  is  however  al- 
tered by  a  thoufandcircumftances,  and  the  place 
which  firfl:  becomes  moft  capable  of  admitting 
eledricity  will  firfl:  receive  a  fire-bail.     Hence 
this  kind  of  lightning  has  been  known  to  move 
flowly  backwards  and  forwards  in  the  air  for  a 
confiderable  timiC,  and  then  fuddenly  fall  in  one 
or  more  houfes,  according  to  their  being  more 
or  lefs   affedted   with    an    eledlricity    oppoiite 
to  that  of  the  ball  at  the  tim.e.     It  will  alfo  run 
along  the  ground,  break  into  feveral  parts,  and 
^  produce  feveral  exploiions  at  the  fame  time. 

^*  It  IS  very  difficult  to  imitate  this  kind  of 
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Tightning   in   our  eledrical  experiments.     The 
only  cafes  in  which  it  hath  been  done  in  any  de- 
gree, are  thofe  in  which  Dr.  Prieftley  made  the 
explofion  of  a  battery  pafs  for  a  conliderable  way 
over   the  furface   of  raw  flefh,  water.  Sec.     In 
thefe  cafes,  if,  while  the  ele&ic  flafh  pafled  over 
the  furfaces  of  the  flelh,  it  had  been  poffible  to 
interrupt  the  metallic  circuit  by  taking  away  the 
chain,  the  eledric  matter  difcharged  would  have 
been  precifely  in  the  fituation  of  one  of  the  above« 
mentioned  fire-balls ;  i.  e.  it  would  have  been 
at  a  lofs  for  a  condudlor.     The  negative  fide  of 
the  battery  was  the  place  of  it's  deftination,  but 
to  that  it  could  not  eafily  have  got,  becaufe  of  the 
great  quantity  of  atmofphere  which  lay  in   it's 
■way,  and  the    incapacity  of  the    neighbouring 
bodies  to  receive   it.     But,  while  the  eledlric 
matter  was  thus  ftationary  for  want  of  a  con- 
dudlor,  if  any  one  {landing  near,  or  touching  the 
negative  fide  of  the  battery,  prefented  a  finger 
to  this  feemingly  inoffenfive  luminous  body,  he 
would  be  inftantly  ftruck  very  violently,  becaufe 
a  free  communication  being  now  made  by  means 
of  his  body,  the  powers  by  which  the  eledric 
fluid  is  impelled  from  one  place  to  another  w^ould 
urge  it  upon  him.     But  if  we  fuppofe  a  perfon, 
who  has  no  communication  with  the  battery,  to 
prefent  his  finger  to  the  fame  body,  he  may  per- 
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haps  receive  a  flight  fpark  from  it,  but  not  s 
jQiock  of  any  confequence.    ^ 

*'  We  may  now  account  for  the  feemingly  ca- 
pricious nature  of  all  kinds  of  lightning,  but 
efpecially  of  that  kind  which  appears  in  the  form 
of  balls.  Sometimes  it  will  ftrike  trees,  high 
houfes,  &c.  without  touching  cottages,  men, 
or  animals,  who  are  in  the  neighbourhood ;  in 
other  inftances,  low  houfes  and  cattle  have  been 
ftruck,  while  high  trees  and  fteeples  in  the  neigh- 
bourhood have  efcaped  .*  The  reafon  of  this 
is,  that  in  thunder  ftorms  there  is  a  zone  of 
earth  confiderably  under  the  furface,  which  the 
lightning  defires  to  ftrike,  (if  we  may  ufe  the 
cxpreffion)  bccaufe  it  has  an  eledlricity  oppofire 
to  the  lightning  itfelf  Thofe  objecls,  therefore, 
which  form  the  moft  perfed  conductors  be- 
tween the  elcdrified  clouds  and  that  zone  of 
earth,  will  be  flruck  by  lightning,  whether  they 
are  high  or  low.  Let  us  fuppofe  a  pofitively 
cledrified  cloud  is  formed  over  a  certain  part  of 
the  earth's  furface;  the  eledric  matter  flows 
out  from  it  firft  into  the  atmofphere  all  round, 

and 

*  Of  this  two  remarkable  inflances  have  been  adduced, 
in  a  paper  read  by  Mr.  Achard  at  the  BerHn  Academy  of 
Sciences.  And  Beccaria  cautions  perfons  from  depending 
on  a  higher,  or,  in  all  cafes,  a  better  condudor  than  their 
©wn  body. 


Electricity.  197 

and  while  it  is  doing  fo,  the  atmofphere  is  elec- 
trified negatively.  In  proportion,  however,  as 
the  current  pervades  greater  and  greater  por- 
tions of  the  atmofpherical  fpace,  the  refinance 
to  it's  motion  increafes,  till  at  laft  the  air 
becomes  pofitively  eledrified  as  well  as  the 
cloud,  and  they  both  adl  as  one  body.  The 
furface  of  the  earth  then  begins  to  be  eledlrified, 
and  it  filendy  receives  the  eledric  matter  by 
means  of  the  trees,  grafs,  &c.  which  grow  upon 
it's  furface,  till  at  laft  it  becomes  alfo  pofitively 
eledlrified,  and  begins  to  fend  off  a  current  of 
eledricity  from  the  furface  downwards. 

"  The  caufes  which  firft  produced  the  elec- 
tricity ftill  continuing  to  aft,  the  power  of  the 
eledric  current  becomes  inconceivably  great. 
The  danger  of  the  thunder-ftorm  now  begins; 
for,  as  the  force  of  the  lightning  is  dired:ed 
to  fome  place  below  the  furface  of  the  earth, 
it  will  certainly  dart  towards  that  place,  and 
fhatter  every  thing  to  pieces  which  refifts  it's 
paflfage. 

*'  The  benefit  of  conducting  rods  will  now 
alfo  be  evident.  For  we  are  fure,  the  eledtric 
matter  will,  in  all  cafes,  prefer  that  way  where 
it  meets  with  the  leaft  refinance,  and  this  is  over 
the  furface  of  metals.  In  fuch  a  cafe,  therefore, 
if  there  happen  to  be  a  houfe  furniilied  with  a 
4  condudor 
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conduQor  direftly  below  the  cloud,  and  at  the 
fame  time  a  zone  of  negatively  eleclrified  earth 
not  very  far  below  the  foundation  of  the  houfe^ 
the  condud:or  will  almoft  certainly  be  flruck, 
but  the  building  will  be  fafe.  If  the  houfe  wants 
a  condudlor,  the  lightning  will  neverthelefs 
ftrike  in  the  fame  place,  in  order  to  get  at  the 
elecflrified  zone  above-mentioned  -,  but  the  build- 
ing will  be  now  damaged,  becaufe  the  materials 
of  it  cannot  readily  condudl  the  elecftric  fluid."* 


*  Sec  Encyclopaedia  Britannica,  Art,  Lightning,  Vol, 
VI.  p.  4224. 

That  the  ele6lric  matter,  which  forms  and  animates  the 
thunder-clouds,  iffues  from  places  far  below  the  furface  of 
the  earth,  and  buries  itfelf  there,  is  probable  from  the  deep 
holes  that  have  been  made  in  many  places  by  lightning,  by 
the  violent  inundations  that  have  accompanied  thunder- 
ftorms,  not  occalioned  by  rain,  but  by  water  burfting  from 
the  bowels  of  the  earth,    from  which  it  mud  have  been  dif- 

lodged  by    fome   internal   concufTion,   &c. See  Dr, 

Prieftley's  Hiftory  of  Eleflricity,  p.  328, 


C  H  A  P. 
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CHAP.      X. 

To    CHARGE    A    PlATE    OF    AlR, 

AS  air  is  an  elcdlric,  it  will  receive  a  charge 
like  all  other  eledlric  fubftances.     To  this 
property  may  be  afcribed  many  of  the  phaeno- 
mena  which  are  obferved  in  the  courfe  of  the 
common  eledlrical    experiments ;    for  the    air 
which   furrounds  an   eledrified  non-eledlric  is 
always  in  feme  degree  charged  with  the  fluid, 
and  thus  ads  upon  the  atmofphere  of  the  elec- 
trified conduQor,  not  only  by  it's  prelTure,  but 
alfo  by  it's  acquired  eledric  powers  ;  and  that 
it  pervades  the  air  to  a  confiderable  diflance,  is 
evident  from  the  different  methods  by  which 
the  air  of  a  room  may  be  elecftrified. 

Cover  two  large  boards  with  tin-foil ;  fufpend 
one  by  filk  firings  from  the  ceihng,  and  then 
connec^l:  it  with  the  condudor  j  place  the  other 
board  parallel  to  the  former,  on  an  infulating 
Hand  that  may  be  eafily  raifed  or  lowered,  to  re^ 
gulate  the  diftance  of  the  plates  from  each  other. 
Or  place  the  boards  in  a  vertical  fituation,  on 
infulating  ftands  of  the  fame  height.  In  mod 
cafes  this  form  will  be  found  the  moft  con- 
venient. 
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venient.  Thefe  boards  may  be  confidered  as 
the  coatings  to  the  plate  of  air  which  is  between 
them. 

Experiment  clviii. — Conned  the  upper 
board  with  the  poiitive  conductor,  and  the  other 
with  the  ground ;  turn  the  cylinder,  and  the 
upper  one  will  be  electrified  pofitively,  and  the 
under  one  negatively ;  the  fpace  of  air  between 
the  two  plates  adls  as  a  plate  of  glafs,  it  feparates 
and  keeps  afunder  the  two  eledlric  powers. 
Touch  the  negative  plate  with  one  hand,  and 
the  upper  one  w^ith  the  other,  and  a  Ihock  will 
be  received  limijar  to  that  from  the  Leyden 
phial. 

The  eledlric  ftiock  will  always  be  felt  when- 
ever a  quantity  of  the  fluid  paiTes  through  any 
body  in  an  inftantaneous  manner,  and  the  force 
of  the  fhock  will  be  proportional  to  the  quan- 
tity of  eledlricity  accumulated,  and  the  eafe  with 
which  it  can  efcape  ;  for  the  whole  energy  of  the 
electricity  depends  on  it's  tenfion^  or  the  force 
with  which  it  endeavours  to  fly  off  from  the 
eledlrified  bodv. 

The    two  plates^   when    in    contrary   flates, 

flrongly  attract  each  other,   and  will  come  to- 

~gether,  if  they  are  not  kept  afunder  by  force. 

A  fpark  will  fometimes  pafs  between  the  plates, 

and 
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and  deftroy  the  eledlricity  of  each.  If  an  emi- 
nence is  placed  on  the  under  plate,  the  fpark, 
in  the  fpontaneous  difcharge^  will  ftrike  it. 
The  experiments  with  thefe  boards  will  be  more 
J^leafing,  if  one  furface  of  the  upper  board  is  co- 
vered with  gilt  leather.  The  two  plates,  when 
charged,  are  fuppofed  to  reprefent  the  ftate  of 
the  earth  and  the  clouds  in  a  thunder  ftorm. 
The  clouds  being  in  one  ftate,  and  the  earth  in 
an  oppofite  one,  while  the  plate  of  air  a(fls  as  the 
electric,  and  the  fpontaneous  difcharges  exhibit 
the  phaenomena  of  lightning. 

An  obfervation  has  been  made  on  this  expe-*. 
riment,  which  feems  to  affcdt  one  of  the  prin- 
cipal fupports  of  the  received  theory.  I  have 
fubjoined  it,  in  order  to  invite  thofe  who  are 
converfant  with  eledricity  to  a  clofer  invefti- 
gation  of  the  fubjedt. 

In  this  experiment  it  feems  impoflible  to  de- 
iiy,  that  air  is  penetrated  by  the  eledric  fluid* 
The  diftance  between  the  plates  is  fo  fmall, 
that  it  muft  appear  abfurd  to  fay,  that  this  fpace 
is  penetrated  only  by  a  repulfive  power,  when 
in  other  cafes  we  fee  the  fluid  pervading  much 
greater  fpaces  of  air.  But  if  one  eledric  fub- 
ftance  is  penetrable  by  the  cledlric  fluid,  we  muft 
be  led  ftrongly  to  fufped:  at  leaft  that  all  the 
reft  are  fo  too.     If  glafs  was  altogether  impene- 

B  b  trablc 


iE02     '        An   Essay    on 

trable  to  the  fluid,  it  is  natural  to  think  that  it 
would  run  over  it's  furface  very  eafily.  But  in- 
ftead  of  this,  fo  great  is  it's  propenfity  to  enter, 
that  a  fnock  fent  through  between  two  glafs 
plates,  if  they  are  prelTed  pretty  clofe  together, 
always  breaks  them  to  pieces,  and  even  reduces 
part  of  them  to  a  powder  Yikt  fand.  This  laft 
effed  cannot  be  attributed  to  any  other  than  the 
eledlric  fluid  entering  the  pores  of  the  glafs,  and 
meeting  with  reliftancc,  the  impetus  of  it's  pro- 
greflive  motion  violently  forces  the  vitreous  par- 
ticles afunder  in  all  diredlions. 

Experiment  clix. — Turn  that  fide  of  the 
upper  board,  on  which  the  gilt  leather  is  pafl;ed 
towards  the  lower  one ;  place  one  or  two  fmall 
metal  hemifpheres  on  the  lower  board ;  connedl 
the  upper  board  with  the  pofitive  condudor,  and 
the  lower  one  with  that  which  is  negative,  put 
the  machine  in  adion,  and  the  upper  board  will 
difcharge  the  whole  of  it's  contents  on  one  of 
the  hemifpheres  in  a  fl:rong  flafh,  attended  with 
a  fmart  explofion ;  vivid  corufcations  of  eledlric 
light  will  be  feen  darting  in  various  diredlions 
on  the  furface  of  the  gilt  leather.  This  experi- 
ment, fays  Mr.  Beckct,  is  more  than  a  refem- 
blance  of  lightning,  it  is  nature  inverted  with 
her  own  attire* 

Conneft 
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Connedl  a  coated  phial  with  the  pofitive  con- 
dudor,  fo  that  it  may  be  difcharged  with  the 
boards,  and  the  flafhes  of  light  will  extend  fur- 
ther, and  the  exploiion  will  be  louder. 

Experiment  clx. — Place  the  wire,  fig.  10, 
with  the  feathers  tied  to  it  in  the  middle  of  one 
of  thefe  large  boards,  their  divergence  will  not 
be  near  fb  much  in  this  iituation,  as  when  they 
are  at  the  edge  of  the  board.  If  a  piece  of  down 
or  a  feather  is  placed  near  the  edge  of  the  board, 
it  will  fly  off  to  the  nearefl  non-eledrified  body ; 
but,  if  it  is  placed  in  the  middle,  it  will  be  a 
conliderable  time  before  it  will  move,  and  it 
will  fcarcely  fhew  any  figns  of  attradtion. 

Experiment  clxi. — Place  bran,  or  fmali 
pieces  of  paper,  near  the  center  of  the  lower 
board  ;  when  the  machine  is  put  in  adlion,  thefe 
will  be  alternately  attracted  and  repelled  with 
great  rapidity,  and  agitated  in  an  amazing  man- 
ner. A  pleafing  variation  is  made  in  this  ex- 
periment by  taking  off  the  chain  from  the  lower 
board,  and  now  and  then  touching  it  with  the 
hand ;  touch  both  boards  at  the  fame  time,  and 
the  motion  ceafes.  But  the  moft  furprizing  ap- 
pearance in  this  experiment  is,  that  fometimes, 
when  the  eledricity  is  ftrong,  a  quantity  of  pa- 

B  b  a  per 
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per  .or  bran  will  accumulate  in  one  place,  and 
form  a  kind  of  column  between  the  boards,  it 
will  fuddenly  acquire  a  fwift  horizontal  motion, 
moving  like  a  whirling  pillar  to  the  edge  of  the 
boards,  and  from  thence  fly  oif,  and  be  fcattered 
about  the  room  to  a  coniiderable  diitance. 

Experiment  clxii.— Take  two  phials,  the 
one  charged  pofitively,  the  other  negatively, 
place  them  on  the  infulatcd  board,  but  as  far 
from  each  other  as  the  board  will  permit ;  infert 
a  range  of  candles  in  a  piece  of  wood,  about  twp 
inches  diftance  from  each  other,  fo  that  the 
flame  of  each  may  be  exadlly  parallel;  when 
thefe  candles  are  quickly  introduced  between 
the  knobs  of  the  phials,  the  fpark  will  be  feen  to 
dart  through  all  of  them,  and  will  have  the  ap- 
pearance of  a  line  of  fire,  variegated  in  a  thoufanc} 
different  curves. 


CHAR 
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CHAR      XL 

Of    the  Electrophorus. 

Tj^IG.  73  reprefents  m  eled:rophorus.  This 
■^  inftrument  was  invented  by  Mr.  Volta,  of 
Coma  in  Italy.*  It  confifts  of  two  plates  of 
a  circular  form,  the  under  plate  is  of  brafs 
covered  over  with  a  ftratum  of  an  eleclrical  fub- 
ftance,  generally  of  fome  negative  eleclric,  as 
wax,  fulphur,  &c.  the  upper  plate  is  of  brafs, 
with  a  glafs  handle  fcrewed  on  the  center  of  it's 
upper  furface. 

Refinous  ele(flrics  generally  fucceed  better  for 
an  eledrophorus,  than  thofe  made  only  of  glafs, 
not  only  as  they  are  lefs  afFedled  by  the  humidity 
of  the  air,  but  as  they  feem  to  have  the  power  of 
retaining  longer  the  eledricity  which  is  com- 
municated to  them. 

To  ufe  this  apparatus,  firft  excite  the  under 
plate  c,  by  rubbing  it*s  coated  lide  with  a  piece 
of  clean  dry  flannel,  or  hare-flcin ;  when  this 
plate  is  well  excited,  it  is  to  be  laid  on  the  table 

with 

*  Mr.  Wilck,  in  Auguft,  1 762,  contrived  a  refinous  ap- 
paratus, to  which  he  gave  the  name  of  a  perpetual  ele^jro- 
|)hpru6a    See  Scripta  Academiae  S,uec.  17620 
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with  the  electric  uppermoll.  Secondly,  place 
the  metal  plate  upon  the  eledric,  as  in  fig.  74 
and  75.  Thirdly,  touch  the  metal  plate  with 
the  finger,  or  any  other  conductor.  Fourthly, 
feparate  the  n^etal  plate  firom  the  elecflric  by  the 
glafs  handle.  This  plate,  when  raifed  to  fome 
diftance  from  the  under  one,  will  be  found 
ftrongly  eledlrified  with  the  power  which  is  con- 
trary to  that  of  the  electric  plate,  and  will  give 
^  fpark  to  any  condudlor  that  is  brought  near 
it.  By  repeating  this  operation,  i.  e.  by  fetting 
the  metal  plate  on  the  eledlric,  and  then  touch- 
ing ic  with  the  finger,  a  great  number  of  fparks 
.  may  be  fucceffively  obtained  without  a  frelh  ex- 
citation of  the  eledlric.  ' 

The  following  experiments,  which  were  made 
with  a  view  to  analyfe  this  curious  little  in- 
Itrument,  are  extraded  from  a  paper  of  Mr. 
Achard's,  in  the  Memoirs  de  T  Academic  Roy  ale 
de  Berlin  for  1776. 

Experiment  CLXiii.--Mr.  Achard  placed 
horizontally  a  circular  plate  of  glafs,  which  was 
about  two  tenths  of  an  inch  in  thicknefs,  and 
one  foot  in  diameter,  on  a  tin  plate,  which  only 
touched  the  glafs  in  a  few  places ;  having  ex^ 
cited  the  upper  furface  of  the  glafs,  it  produced 
all  the  efeds  of  the  electrophorus ;  from  whence 

h9 
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he  infers,  that  it  is  not  necefTary  that  the  inferior 
metallic  plate  fhould  touch  exadly  in  all  it's  fur- 
face  the  eledric  coating. 

Experiment  clxiv.—- He  infulated,  in  an  ho- 
rizontal pofition,  a  plate  of  glafs  of  one  fooc 
diameter,  he  excited  this,  and  then  applied  the 
upper  plate  in  the  ufual  manner,  and  obtained 
a  fucceffive  number  of  weak  fparks ;  but  in  or- 
der to  procure  them,  he  was  obliged  to  let  the 
finger  remain  fome  time  on  the  upper  plate.  If, 
inftead  of  infulating  the  plate  of  glafs  by  glafs 
he  infulated  it  by  wax  or  pitch,  he  conflantly 
found  that  the  fparks  were  ftronger.  From  this 
experiment  he  concludes,  that  the  inferior  plate 
is  not  neceffary  to  the  produdlion  of  the  effeds 
obferved  in  this  inftrument,  and  that  when  de- 
prived of  it,  it  retains  all  it's  properties. 

Experiment  clxv. — Having  excited  the  up- 
per furface  of  an  eledlrophorus  of  wax,  he  placed 
the  upper  plate  on  it,  and  after  fome  time  lifted 
it  off  by  it*s  infulating  handle,  without  previoufly 
touching  it  with  the  finger ;  it  gave  no  fpark, 
and  was  not  polTelTed  of  the  lead  power  of 
attradlionand  repulfion;  which  proves,  that  the 
eledrophorus  cannot  render  the  upper  plate 
cledric,  unlefs  it  is  touched  by  a  body  which 
4  is 
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is  capable  of  giving  or  taking  eledricity  froni 
it. 

Experiment  cLXvi.-^Placc  the  upper  plate 
on  an  excited  eledlrophorus,  bringing  a  finger 
near  the  upper  plate,  and  a  fpark  will  pafs  be- 
tween them.  Now  as  the  eledlric  fluid  never 
appears  as  a  fpaf k,  except  when  it  pafles  with 
rapidity  from  one  body  to  another,  and  as  the 
upper  plate  exhibits  no  elecftric  appearance,  if  it 
has  not  been  previoufly  touched  by  a  condudor, 
we  may  conclude,  that  the  ekdlrophorus  only 
renders  the  upper  plate  eleclric  when  it  has  re- 
ceived or  loft  a  quantity  of  electricity. 

Experiment  clxvii. — Place  one  of  the  fmall 
brafs  conducflors  with  it's  pith  balls  on  the  up- 
per plate,  and  then  put  them  both  on  the  elec- 
trophorus,  the  balls  will  immediately  feparate  a 
little ;  touch  the  upper  plate  with  the  finger,  and 
the  divergence  ceafes ;  but  on  lifting  this  plate 
from  the  eledlrophorus  by  it's  glafs  handle,  the 
balls  diverge  with  great  force,   forming  a  very 
large  angle ;  on  taking  a  fpark  from  the  plate 
they  immediately  clofe.     The  feparation  of  the 
balls  fliews   clearly,  that  the  upper  plate  either 
abforbs  a  quantity  of  eledricity,  or  imparts  a 
portion  of  it's  natural  fliare  to  the  under  one; 

it 
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it  alfo  {hews,  that  the  former,  as  foon  as  it  is  laid 
on  the  eledrophorus,  acquires  a  fmall  degree  of 
ele6lricity,  which  it  lofes  on  being  touched  with 
the  finger ;  but  it  again  becomes  eleQrical  when 
it  is  feparated  from  the  ele<Slrophorus. 

Experiment  clxviii. — Infulate  an  eleclro- 
phorus,  and  fufpend  a  pith  ball  by  a  linen  thread, 
in  fuch  a  manner  that  it  may  be  about  one  quar- 
ter of  an  inch  from  a  piece  of  metal  which  is 
conneded  with  the  bottom  plate ;  the  ball  does 
not  move  when  the  upper  plate  is  laid  on  the 
elecflrophorus,  but  when  this  is  touched  by  the 
finger  the  ball  is  attracted »  As  foon  as  the  upper 
plate  is  taken  off,  the  inferior  metallic  coating 
attradls  the  ball,  but  quits  it  if  the  coating  is 
touched  by  the  finger.  It  is  alfo  attraQed  if  the 
upper  plate  is  put  on  before  the  fpark  has  been 
taken  from  it,  though  it  lafts  longer  and  h 
ftronger  if  the  fpark  is  takeri  before  it  is  placed 
on  the  eleQ:rophprus, 

Experiment  CLXix.-^Elecflrify  the  under  fide 
of  the  eledlrophorus,  by  connedling  the  under 
plate  with  the  conductor  of  a  machine;  the  up- 
per plate  will  give  ^rong  fparks  to  the  hand,  or 
any  other  non-ele6lric.  Touch  the  upper  plate 
with  one  h^nd,  and  the  under  one  with  the  other, 

C  c  a  fliock 
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a  fliock  will  be  received.  The  fame  effed  is 
produced,  if  the  upper  plate  is  eledlrified  by  the 
inachine.     See  fig.  74. 

Experiment  clxx. — -Infulate  an  elecflropho- 
rus  which  is  not  excited,  and  place  the  upper 
plate  upon  it,  then  eledtrify  the  under  plate  by 
a  chain  from  the  prime  conductor ;  take  a  fpark 
from  the  chain,  and  the  eledlrophorus  acquires 
all  the  properties  which  are  given  to  it  by  exciting 
the  upper  furface. 

Experiment  clxxi. — Connect  the  upper  plate 
by  a  chain  with  the  prime  condudlor,  and  elec- 
trify it ;  then  take  a  fpark  from  the  chain,  and 
the  eleclrophorus  will  acquire,  as  before,  the 
fame  powers  which  it  gains  when  the  upper 
furface  is  rubbed. 

Experiment  clxxii. — The  fame  effedl  is  pro- 
duced by  placing  a  Leyden  phial  on  the  upper 
plate  of  an  unexcited  elcdrophorus,  then  charging 
and  difchargingit  on  the  plate. 

From  the  three  laft  experiments  we  learn,  that 
the  eledrophorus  may  be  put  in  acftion  by  com- 
mujiication,  as  wxll  as  by  fridlion. 

Experiment  clxxiii. — ftftr.  Achard  placed 
the  upper  plate  on  an  excited  clcftrophorus,  and 

a  cube 
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a  cube  of  metal,  furhifhed  with  a  glafs  handle, 
on  this  plate  ;  on  taking  the  cube  by  it's  handle 
from  the  upper  plate,  without  previoufly  touch- 
ing it,  it  attracted  a  light  ball.  On  repeating 
this  experiment,  and  touching  the  upper  plate 
before  the  cube  was  taken  off,  it  did  not  appear 
in  the  leaft  eledlricaL 

Experiment  clxxiv. — By  examining  the 
eledrophorus  with  fmall  pith  balls,  we  find, 

1 .  That  as  foon  as  the  upper  plate  is  -placed 
on  an  eletflrophcrus  of  wax,  it  acquires  a  weak 
politive  eledricity ;  and  the  contrary,  if  placed 
on  an  ele6:rophorus  of  glafs. 

2.  That  when  the  upper  plate  is  touched  by 
the  finger,  it  lofesall  it's  eleclricity. 

3.  When  the  upper  plate  is  touched  by  the 
finger,  and  removed  from  the  eledrophorus,  it 
acquires  a  ftrong  negative  eledricity,  if  the  elec- 
trophorus  is  of  glafs ;  and  a  pofitive  elediricity, 
if  it  is  of  wax. 

The  eledlrophorus  may  be  confidered  as 
formed  of  feveral  horizontal  ftrata ;  fo  that  wheu 
the  upper  one  is  excited,  either  by  fri8:ion  or 
communication,  it  is  infulated  by  the  inferior 
llrata.  Now  all  infulated  elcArics  preferve  their 
eleftricity  a  confiderable  time,  and  it  is  from  that 

C  c  25  caufe 
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caufe  that  the  eledricity  of  the  eledrophorus 
continues  fo  long. 

Infulated  and  excited  glafs  induces  the  negative 
eledlricity  on  bodies  brought  within  the  fphere 
of  it's  adtion,  while  negative  ele&ics,  in  fimilar 
circumflances,  produce  the  poiitive  eledlricity. 
Therefore  the  furfaceofthe  eledlrophorus  ought 
to  communicate  immediately  a  pofitive  ele6tri» 
city,  if  it  is  of  wax  ;  the  negative,  if  it  is  made  of 
glafs;  which  is  perfectly  conformable  to  experi- 
inents.  But  when  the  upper  plate  is  touched 
by  the  finger,  the  upper  furface  of  the  eledlro- 
phorus  ceafes  to  be  infulated,  and  gives  the 
negative  eledricity  to  the  upper  plate,  if  it  is  of 
glafs,  and  the  contrary,  if  of  wax,  agreeable  to 
the  different  experiments  which  are  defcribed  in 
Chap.  IV. 

Eledlric  bodies  do  not  put  the  fluid  in  that 
degree  of  motion,  which  is  neceflary  to  produce- 
the  fpark,  or  exhibit  the  phsenomena  of  attradlior^ 
andrepulfion,  while  they  are  in  contaQ  with  con- 
during  mbfences,  which  is  the  reafon  why  the 
upper  plate%xhibits  no  iigns  of  elediricity  while 
it  remains  in  contact  with  the  under  one,  though 
they  become  fenfible  the  inftant  it  is  removed 
from  it. 

As  the  theory  of  this  inflrument  has  been 
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deemed  very  intricate,  I  have  fubjoincd  another 
explanation  of  it,  which  is  given  by  the  editors 
of  the  Monthly  Review. 

"  Therefore,  (in  the  cafe  of  a  glafs  ele6i;ro- 
phorus)  as  it  is  a  cafe  which  admits  of  a  fomewhat 
eafier  illuftration,  the  excited  plate  aQs  upon 
the  ele61;ric  matter  naturally  contained  in  the 
upper  brafs  plate,  fo  as  to  repel  a  part  of  it*s 
natural  quantity  from  it  in  form  of  a  fpark,  at 
that  part  where  the  finger  is  applied  to  it.  If  the 
brafs  plate  in  this  flate  is  lifted  up  by  it's  handle, 
it  will  receive  a  fpark  from  the  finger.  On 
being  replaced,  and  the  fame  operation  taking 
place,  the  fame  refult  will  be  obtained ;  which 
may  be  continued  for  a  great  length  of  time, 
without  diminifhing  the  virtue  of  the  exciled 
cledlric,  which  in  fadl  does  not  part  with  any 
of  it's  own  eledricity,  but  only  repels  a  part 
of  what  is  in  the  upper  plate,  which  is  repeatedly 
reftored  to  it  from  the  earth  by  the  perfon  who 
makes  the  experiment/*  ^ 

Experiment  clxxv. — Place  a  piece  of  metal 
on  an  excited  eledlrophorus,  it  may  be  of  any 
fhape  ;  a  pair  of  triangular  compafles  are  very 
convenient  for  this  purpofe.  Electrify  the  piece 
of  metal  with  the  power  which  is  contrary  to  that 
of  the  eledlrophorus,  and  then  remove  it  by  means 
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of  fomc  eleclric,  and  afterwards  lift  upon  the 
eledrophorus  fome  finely  powdered  refin,  which 
will  form  on  it's  furface  curious  radiated  figures. 
When  the  plate  is  negative,  and  the  piece  of 
metal  pofitive,  the  powder  forms  itfelf  principally 
about  thofe  parts  where  the  metal  was  placed  ; 
but  if  the  plate  is  pofitive,  and  the  fpark  is  nega- 
tive, the  part  where  the  metal  touched  will  be 
free  from  powder,  and  the  other  parts  more 
covered. 

Experiment  clxxvi. — To  recover  the  force  of 
an  eledrophorus  by  itfelf.  Place  the  metallic  cover 
on  the  refinous  cake,  touch  it  as  ufual ;  then  take 
it  up^  and  difcharge  it  on  the  knob  of  a  Leyden 
phial ;  repeat  this  operation  feveral  times,  and 
then  place  the  bottle  on  the  cake,  and  move  it 
over  it's  furface,  holding  the  bottle  by  the  knob  ; 
this  will  augment  the  force  of  the  eledlrophorus, 
and  by  reiterating  the  operation  it  will  become 
very  powerful. 

Experiment  clxxvii. — ^Infulate  a  metal  quart 
mug,  and  fufpend  a  pair  of  fmall  pith  balls  by 
filk,  fo  that  the  whole  of  the  electrometer  may 
be  within  the  mug,  eledlrify  the  mug,  and  the 
dedlrometer  will  not  be  in  the  leaft  affedled.  The 
fimilar  atmofpheres  counteradl  each  others  and 
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as  no  contrary  power  can  take  place  in  the  elec- 
trometer, it  will  remain  uneleclrified.  Touch 
the  mug  with  fome  condudling  fubflance,  and  it 
will  immediately  attradl  the  balls. 

Experiment  clxxviii, — Sufpend  a  fmall  cy- 
linder of  gilt  paper  by  tin-foil,  and  then  touch 
the  eledlrified  and  infulated  mug  with  it,  a  fpark 
will  pafs  between  them,  and  the  elediricity  will 
be  difFufed  in  each  in  proportion  to  their  capacity. 
Now  plunge  the  infulated  cylinder  to  the  bottom 
of  the  mug,  and  it  will  reftore  to  it  the  eledtri- 
city  it  had  received,  but  does  not  give  the  lead 
lignof  eledlricity  when  taken  out. 

Experiment  clxxix. — Conned  a  pair  of  pith 
balls  with  an  infulated  metal  veiTel,  in  which  a 
metal  chain  is  placed,  raife  the  chain  by  means 
of  a  {ilk  thread,  and  the  divergence  of  the  balls 
will  diminilh  in  proportion  as  the  chain  is  raifed 
and  difplayed ;  ihewing,  that  the  ele6lricity  is 
rarified,  and  it's  denfity  is  diminifhed,  in  pro- 
portion as  it  fpreads  itfelf  from  the  furface  of  the 
veiTel  on  the  extended  chain  ;  which  is  confirmed 
by  the  balls  diverging  again  when  the  chain  is  let 
down  into  the  velTcl.  This  experiment  affords  an 
eafy  folution  for  many  of  the  phaenomena  of 
atmofpheric  electricity,  as  why  the  vapour  of 
dedirified  wat^r  gives  fuch  fmall  iigns  of  eledri- 
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City,  and   why  the  elecflricity  of  a  cloud  is  in- 
creafed  by  being  comprefled  or  condenfed. 

Experiment  clxxx.— -Excite  a  flip  of  white 
flannel,  or  a  filk  ribbon,  and  take  as  many  fparks 
from  it  as  it  will  give  ;  then  double  or  roll  it  up, 
and  the  contra6led  flannel  will  be  fl:rongly  elec- 
trical, give  fparks-,  and  throw  out  brufhes  of 
light. 

Of  the  Advantages  which  may  be  derived 

FROM     AN     IMPERFECT    InSULATION,    AND    OF 

rendering  very  sensible  very  small 
Degrees  of  Natural  and  Artificial 
Electricity,  by  Mr.  Volta. 

A  conductor,  properly  confl:rud:ed  for  making 
obfervations  on  atmofpherical  eledricity,  will 
feldom  affedl  the  mofl:  fenflble  cledlrometer  when 
the  fky  is  free  from  eleclrical  clouds ;  but  by 
means  of  the  apparatus  now  to  be  defcribed,  it 
will  appear,  that  thefe  condudlors  are  always  elec- 
trical, and  confequently  the  air  whicb  furrounds 
them  mufl:  be  at  all  times  ele&ified.  This 
method  not  only  determines  the  exifl:ence,  but 
alfo  the  quality  of  the  elecflricity,  whether 
poiitive  or  negative,  and  that,  even  when  the 
conductor  will  not  attract  the  finefl:  thread ;  but 
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if  a  very  fmall  attradlion  is  vifible  in  the  conduG- 
tor,  then  the  apparatus  will  give  long  fparks. 

The  eledlrophorus  ufed  for  this  purpofe  may 
v^'ith  propriety  be  termed  a  micro-eledrometer, 
or  condenfer  of  eledlricity. 

Whenever  the  atmofpherical  condudlor  gives 
fufficient  (ignsof  eleclricity,  then  the  condeniing 
apparatus  becomes  ufelefs.  For  when  the  elec- 
tricity is  ftrong,  it  often  happens  that  part  of  the 
eledtricity  of  the  metal  plate  is  imprelTcd  upon 
the  other,  in  which  cafe  the  apparatus  ads  as  an 
eledlrophorus,  and  becomes  unfit  for  our  purpofe. 

The  apparatus  adapted  for  this  purpofe  con- 
fifts  of  the  upper  plate  of  an  eledlrophorus,  and 
a  femi-eleclric,  or  an  iinperfed:  conducting  plane^ 
which  will  only  hinder  in  a  certain  degree  the. 
paflage  of  the  fluid.  Many  condu6lors  of  this 
kind  may  be  formed ;  fuch  as  a  clean  dry  marble 
flab,  a  plate  of  wood,  covered  with  a  coat  of 
varnifh,  &c.  the  furface  of  thofe  bodies  not 
contradling  eledlricity,  or  if  any  fhould  adhere  to 
them,  it  foon  vaniflies,  on  account  of  their  femi- 
condudling  nature ;  for  w^hich  reafon  they  cannot 
anfwer  the  end  of  an  eledrophorus,  but  are  fit  to 
be  ufed  as  condenfers  of  eledlricity. 

'Care  fhould  be  taken  however  in  choofing 
this  plane,  that  it  be  not  of  too  free  a  condudl- 
ing  nature,  nor  likely  to  become  fo  by  ufe,  it 
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being  abfolutely  neceffary  that  the  eleBricity 
fhould  find  a  confiderable  refiftance  in  pervading 
it's  furface*  In  preparing  fuch  a  plane,  by  drying, 
or  otherwife,  it  is  much  better  to  come  too  near 
than  too  far  from  a  non-condu6lor.  A  marble 
flab  or  board,  properly  dried,  anfwers  well,  and 
is  preferable  to  any  other  plane;  othervvife  the 
plate  of  the  eledrophorus  is  preferable  to  all 
bodies  unprepared. 

The  word  fort  of  marble,  if  coated  with  copal, 
amber,  or  lac-varnifli,  and  then  kept  in  an  oven 
for  a  fhort  time,  will  anfwer  very  well,  even 
without  previoufly  warming  for  the  experiment. 
This,  in  fact,  it  may  be  faid,  is  returning  to 
the  elecStrophorus :  as  marble,  wood,  &;c.  varnifh- 
cd,  if  they  are  hot,  may  be  excited  by  a  very 
flight  fricftion,  and  fometimes  by  only  laying  the 
metal  plate  on  them  ;  to  prevent  which,  they 
fliould  be  ufed  without  warming. 

The  advantages  plates  of  this  kind  have  over 
the  common  eledrophorus  are,  i .  That  the 
varnifh  is  always  thinner  than  the  common  reii- 
nous  ftratum  of  an  eledrophorus  ;  and  2.  That 
the  varnifh  acquires  a  fmoother  and  plainer  fur- 
face  :  hence  the  metal  plate  can  with  more 
advantage  be  adapted  to  it. 

Any  fort  of  plane,  covered  with  dry  and  clean 
©iUcloth,  or  oiled-filk,  or  fattin,  and  any  other 
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filk  fluff  that  is  not  very  thick,  niay  be  ufed  with 
equal  advantage,  if  it  is  flightly  warmed.  Silk 
(luffs  anfwer  better  for  this  purpofe  than  thofe 
made  of  cotton  or  wool,  and  both  better  than 
linen.  Paper,  leather,  wood,  ivory,  bone,  and 
every  other  fort  of  imperfed:  conductors,  may  be 
made  to  anfwer  to  a  certain  degree,  if  they  are 
previoufly  dried,  and  kept  hot  during  the  expe- 
riment. 

This  apparatus  is  rendered  more  fimple  by 
applying  the  filk,  &c.  to  the  upper  plate  of 
metal,  which  is  fixed  to  the  glafs  handle,  indead 
of  the  marble  or  other  plate,  which  now  becomes 
ufelefs;  for  in  it's  ftead,  a  plane  of  any  kind 
may  be  ufed,  as  a  common  wooden  or  marble 
table,  even  not  very  dry  ;  a  piece  of  metal,  a 
book,  or  any  other  conductor  with  a  flat  furface. 

Nothing  more  is  requilite  in  thefe  experi- 
ments, than  that  the  electricity,  which  tends  to 
pafs  from  one  furface  to  the  other,  fhould  meet 
with  fome  reliflance  or  oppolition  in  one  of  the 
furfaces,  as  will  be  evident  in  the  fecond  part. 

It  is  immaterial  whether  the  non-condudling 
or  femi-condu6ling  flratum  be  laid  upon  one  or 
the  other  of  thofe  planes  ;  all  that  is  neceffary  is, 
that  they  fhould  coincide  together,  which  renders 
it  proper  to  ufe  two  planes  that  have  been  ground 
together,   and  one  of  them  varnifhcd.     A  fmgle 
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metal  plate,  covered  with  filk,  with  three  filk 
firings  faflened  to  it  by  way  of  handle,  may  be 
conveniently  ufed  for  ordinary  experiments. 

To  ufe  the  apparatus,  the  upper  metal  plate 
muft  be  placed  upon  the  uneleclrified  plate  and 
in  perfed:  contaQ  with  it. 

The  plates  being  thus  placed,  let  a  wire,  com- 
rnunicating  with  the  condudor,  be  brought  to 
touch  the  metal  plate  of  th?  eledrophorus,  and 
that  only. 

The  apparatus  being  left  in  that  lituation  a 
certain  time,  will  acquire  a  fufficient  quantity 
of  electricity,  but  very  flow Jy. 

Remove  the  communicating  wire  from  the 
metal  plate,  and,  by  means  of  it's  infulated  han^ 
die,  feparate  it  from  the  under  one  ;  it  will  now 
attracl  a  thread,  elcdrify  an  eledlrometer,  and, 
if  it  is  flrong,  will  give  fparks,  &:c.  though  the 
atmofpherical  condudor  fhewed  no,  or  only 
fmall,   fignsofit. 

If  is  not  eafy  to  determine  the  exadl  time 
necefTary  for  this  apparatus  to  remain  in  conta6l 
with  the  condudor,  as  it  will  depend  on  many 
circumftances ;  for,  if  there  are  no  figns  of 
eledricity  in  the  condudor,  it  will  require  eight 
pr  ten  minutes,  but  if  it  attradls  a  fine  thread,  a§ 
many  feconds  will  be  found  fufficient. 

It  is  difficult  alfo  to  determine  the  precife 
6  degree 
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degree  to  which  the  eledlricity  may  be  condenfed, 
or  how  much  the  eledrical  phaenomena  may  be 
increafed  by  this  apparatus,  as  it  depends  on 
various  circumllances.  The  augmentation  is, 
however,  greater  in  proportion  as  the  body  which 
fupplies  the  metal  plate  has  a  greater  capacity, 
and  is  larger  in  proportion  as  the  elevflricity  is 
weaker.  Thus,  though  the  atmofpherical  con- 
dudlor  has  fcarcely  power  fafficient  to  attradl  a 
fine  thread,  it  is  neverthelefs  capable  of  giving 
fuch  a  quantity  of  eledlricity  to  the  metal  plate 
of  the  eledrophorus,  as  not  only  to  adluate  an 
ele6lrometer,  but  even  dart  ftrong  fparks^  But 
iftheelcdlricity  of  the  atmofpherical  condudlor 
is  ftrong  enough  to  afford  fparks,  or  to  raife  the 
index  of  the  elc8rometer  to  5  or  6  degrees,  then 
the  receiving  plate  of  the  eleclrophorus,  according 
to  this  method,  will  raife  it's  index  to  the  highcft 
degree  and  give  a  flronger  fpark  ;  yet  it  may  be 
plainly  perceived,  that  the  condenfation  is  pro- 
portionably  lefs  in  this  than  in  the  other  cafe ; 
for  this  reafon  the  eled:ricity  cannot  be  accumulated 
beyond  the  greatefl  degree;  that  is  to  fay,  when 
it  is  increafed  fo  much  as  to  be  diflipated  every 
way ;  Therefore,  as  the  ele6tric  power,  which 
fupplies  the  condenfer,  is  neareft  to  the  higheft 
degree,  the  condenfation  is  proportionably  lefs  ; 
|)utin  this  cafe  the  condenfer    is  ufelefs;  it's 
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principal  ufe  being  to  collecl  and  render  feniibic 
that  fmall  quantity  of  eleQricity,  which  would 
otherwife  remain  imperceptible  and  unobferved. 

Hitherto  we  have  adapted  our  condenfer  to 
the  detedling  weak  atmofpherical  eIeQ.ricity,  as 
brought  down  by  the  conduQor ;  but  this,  though 
the  principal,  is  not  the  only  ufe  to  which  it 
may  be  applied.  It  will  like  wife  difcover  artifi- 
cial electricity,  when  it  is  fo  weak  as  not  to  be 
difcoverable  by  any  other  means. 

A  Lcyden  phial  charged,  and  then  difcharged 
by  touching  it's  coated  iides  with  the  difcharg- 
ing  rod  or  the  hand,  appears  to  be  quite  depriv- 
ed of  it's  eleBricity  ;  yet  if  you  touch  the  knob 
of  it  with  the  metal  plate  of  the  condenfer, 
(fituated  upon  an  imperfect  conducfting  plane) 
and  immediately  take  up  the  plate,  it  v»^ill  be 
found  togive  very  confpicuous  figns  of  elediricity, 
But  if  juft  fufficient  charge  is  left  in  the  phial 
to  attract  a  fine  thread,  and  the  metal  plate  is 
then  brought  to  touch  the  knob  for  a  moment, 
it  will,  when  lifted  up,  give  a  Itrong  fpark,  and 
if  touched  again,  a  fecond  fcarce  fmaller  than 
the  former  ;  and  thus  fpark  after  fpark  may  be 
obtained  for  a  long  time. 

This  method  of  producing  fparks,  by  means 
of  a  phial  which  is  not  charged  fo  high  as  to 
give  fparks  of  itfelf,  is  very  convenient  for  vari- 
ous 
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Ous  pleafing  experiments ;   as  to  fire  or  light  the 
inflammable  air-piftol,  or  lamp  ;  efpecialiy  when 
a  perfon  is  provided  with  one  of  thofe  phials 
contrived  by  Mr.  Cavallo,  which,  when  charged, 
may  be  carried  in  the  pocket  a  long  time.  Thcfc 
phials,  as  they  retain  a  fenfible  charge  for  feveral 
days,    will  retain  an    infenfible  one  for  weeks 
and  months ;  or,   fuch  a  one  as  cannot  eafiiy  be 
difcovered  without  the  condenfer,  in  which  cafe 
it  becomes  more  than  fenfible,  and  fufficient  for 
the  experiments  of  the  inflammable  air-piflol,  &c. 
Secondly.  If  you  have  an  ele8:rical  miachine 
fo  far  out  of  order  that  it's  condudor  will  not 
give  a  fpark,  nor  attradl  a  thread,  then  let  this 
condu6tor  touch  the  metal  plate  of  the  condenfer, 
and  continue  in  that  iituation  a  few  minutes,  (the 
machine  being  Hill  in  motion)  lift  up  the  metal 
plate,  and  you  will  obtain  from  it  aflrong  fpark. 
Thirdly.     If  the  eledlricai  machine  ads  well^ 
but  the  conductor  is  fo  badly  infulated  that  it 
will  not  give  a  fpark,  either  from  it's  being  con- 
nevfled  with  the  walls  of  the  room,  or  by  having 
a  chain  from  it  to  the  table,  let  the  condudor  in 
this  (late  touch  the  metal  plate  of  the  condenfer, 
while  the  machine  is  in  adion,  the  plate  will 
afterwards  give  fufficient  ftrongfigns  of  electricity ; 
which  proves  the  great  power  this  apparatus  has 
of  drawing  and  condenfing  the  eledricity. . 

Fourthly. 
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Fourthly.  Where  the  eledlrometers  aie  not 
fuSiciently  feniible  to  difcover  the  quantities  of 
excited  eledlricity,  thofe  quantities  may  be  readily 
explored  by  the  condenfer.  For  this  purpofe, 
rub  thofe  bodies  with  the  metal  plate  of  the 
condenfer,^^  which  for  this  purpofc  muft  be  naked> 
and  if  the  plate  be  then  prefented  to  an  eledlro-^ 
meter,  it  will  be  found  coniiderably  eledlrified, 
although  the  body  rubbed  may  have  acquired 
little  or  no  eledlricity.  The  quality,  whether 
poiitive  or  negative,  may  eafily  be  afcertained, 
iince  the  elecflricity  of  the  metal  plate  muft  be 
the  contrary  of  that  body  on  which  it  was  rubbed* 
Mr.  Cavallo  made  ufe  of  this  method  to  difcover 
the  eledlricity  of  many  bodies*  But  ftill  a  better 
method  may  be  ufed,  in  cafe  the  bodies  to  be 
examined  cannot  ealily  be  adapted  to  the  metal 
plate,  viz.  The  metal  plate  being  laid  on  the 
imperfecft  conducing  plane,  the  body  to  be  tried 
is  rubbeft  againft,  or  repeatedly  flroaked  upon  it, 
which  done,  the  plate  is  taken  up  and  examined 
by  an  eledlrometer.  If  the  body  tried  is  leather, 
a  ftring,  cloth,  velvet,  or  other  imperfe^l  con- 
dudlor  of  the  like  fort,  the  plate  will  certainly  be 
found  eledlrified,  and  incomparably  more  by  this 
means  than  if  it  were  flroaked  by  the  fame  bodies, 
whilfl:  {landing  infulated  in  the  air.  In  fhort,  by 
either  of  ihofe  methods  you  will  obtain  eleQricity 
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from  bodies  which  could  hardly  be  expe6led  to 
o-iye  any,  even  when  they  are  not  very  dry. 
Indeed,  coals  and  metals  excepted,  every  other 
body  will  afford  fome  eledtricity.  Ele6lricity 
may  often  be  obtained  by  ftroaking  the  plate  with 
jthe  naked  hand. 

The  metal  plate  has  a  much  greater  power 
to  retain  electricity  when  it  lies  upon  a  proper 
plane,  as  mentioned  in  the  foregoing  experiments, 
than  when  quite  infulated. 

I^t  is  eafy  to  comprehend,  that  where  the  ca* 
pacity  of  holding  electricity  is  greatefl:,  there 
the  intenfity  of  the  elecRiricity  is  propordonably 
lefs,  for  it  will  then  require  a  greater  quantity  to 
raife  it  to  a  given  degree  of  intenfity  ;  fo  that  the 
capacity  is  inverfely  as  ^ht  intenfity ;  by  which  we 
mean,  that  endeavour,  by  which  the  eleBricity 
pf  an  electrified  body  tends  to  efcape  from  all 
parts  of  it ;  to  which  tendency  or  endeavour,  the 
ele8;rical  phaenomena  of  attraction  and  repulfion, 
and  efpecially  the  degree  of  elevation  of  an 
electrometer,  correfpond. 

That  the  intenfity  of  eledtricity  muft  be  inverfely 
proportioned  to  the  capacity  of  the  body  eleCtri- 
fied,  will  be  clearly  exemplified  by  the  following 
experiment. 

E  e  Experiment 
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Experiment  clxxxi. — Take  two  metal  rods 
of  equal  diameter,  the  one  a  foot,  the  other  five 
feet  long  ;  let  the  firfl:  be  eiedrified  till  the  index 
of  the  eledirometer  rifes  to  60°,  then  let  it  touch 
the  other  rod ;  and  in  that  cafe  it  is  evident,  that 
the  intenfity  of  the  electricity  being  diffufed  be- 
tween the  two  rods,  will  be  diminifhed  as  the 
capacity  is  increafed ;  fo  that  the  index  of  the 
€le(ftrometer,  which  before  was  elevated  to  6o\ 
will  now  fall  to  10",  viz.  to  one  lixth  of  the  for- 
mer intenfity.  For  the  fame  reafon,  if  the  like 
quantity  of  eledlricity  was  communicated  to  a  rod 
60  feet  long,  it's  intenfity  would  be  diminifhed 
to  one  degree  ;  and  on  the  contrary,  if  the  elec- 
tricity of  the  long  conductor  was  contrad:ed  into 
the  60th  part  of  that  capacity,  it's  intenfity 
would  be  increafed  to  60. 

Condudlors  of  different  bulk  have  not  only 
different  capacities  for  holding  electricity,  but 
alfo  the  capacity  of  the  fame  condudtor  is  in- 
creafed and  diminifhed  in  proportion  as  it's  fur- 
face  is  enlarged  and  contradlcd  ;  as  is  fliev/n  in 
Dr.  Franklin's  experiment  of  the  can  and  chain, 
&c.  from  which  it  has  been  concluded,  that  the 
capacity  of  condudlors  is  in  proportion  to  their 
furface,  and  not  to  their  quantity  of  matter. 

This  conclufioi>  is  true,  but  does  not  cprq- 
prehend  the  whole  theory,  fince  even  the  exten- 
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lion  contributes  to  increafe  the  capacity.  In  fhort, 
it  appears  from  all  the  experiments  hitherto 
rnade,  that  the  capacity  of  condudtors  is  not  in 
proportion  to  the  furfaces  in  general,  but  to  the 
furfaces  which  are  free,  or  uninfluenced  by  fimi- 
lar  or  homologous  atmofpheres ;  and  further, 
that  the  capacity  of  a  condudor,  neither  altered 
in  it's  form  orfurface,  is  increafed,  when,  inftead 
of  remaining  quite  infulated,  it  is  prefented  to 
another  not  infulated  ;  and  this  increafe  is  more 
confpicuous,  as  the  furfaces  of  the  condudlors  are 
larger,  and  approach  nearer  to  each  other. 

The  above-mentioned  circumftances,  by  which 
the  natural  capacity  of  conductors  is  greatly  aug- 
mented^ has  been  overlooked,  and  therefore  no 
advantage  has  hitherto  been  deduced  from  it. 
The  following  experiment  will  fhew  this  increafed 
capacity  in  the  fimpleft  manner. 

Experiment  clxxxii.-— Take  the  metal  plate 
of  an  ekdrophorus,  hold  it  by  it's  handle  in  the 
air,  and  eledrify  it  fo,  that  the  index  of  an  elec- 
trometer annexed  to  it  may  be  elevated  to  60°, 
then  lower  the  plate  by  degrees  to  a  table,  or 
other  plain  condudling  furface,  the  index  will 
gradually  fall  from  60%  to  50",  40'',  30^  &c. 
and  yet  the  quantity  of  eledlricity  in  the  plate 
remains  the  fame,  except  it  is  brought  (b  near  the 

E  e  2  tabk 


228  An   Ess  At   on 

table  as  to  occafion  a  tranfmiffion  of  the  eleO:ri-' 
city  from  the  former  to  the  latter ;  at  leaft,  it  wili 
remain  as  near  the  fame,  as  the  dampnefs  of  the 
air,  6ic.  will  permit.  The  decreafe  of  intenlity 
is  owing  to  the  increafed  capacity  of  the  plate, 
which  is  now  not  infulated,  or  Jolitaty^-  but  con^ 
jugatey  or  communicating  with  another  conduc- 
tor :  for  let  the  plate  be  gradually  removed  from 
the  table,  the  eledrometer  will  rife  again  to  it's 
former  ftation,  namely,  to  60"*;  excepting  the 
lofs  that  the  air,  &c.  may  have  occafioned,  during 
the  experiment. 

The  reafon  of  this  phjenomenon  is  ealily  deri- 
ved' from  the  aftion  of  ele(fl:ric  atmofpheres.  The 
atmofphere  of  the  metal  plate,  which  for  the 
prefent  I  fhall  fuppofe  eleclrified  politively,  acT:s 
upon  the  table,  or  other  condu(flor,  to  which  it 
is  prefented ;  fo  that  the  eledlric  fluid  in  the  table 
retiring  to  the  remoter  parts  of  it,  becomes  more 
rare  in  thofe  parts  which  are  expofed  to  the  m.etai' 
plate,  and  this  rarefadlion  increafes  the  nearer  the 
eledlrified  metal  is  brought  to  the  table  ;  if  the 
metal  plate  is  eledlrified  negatively,  the  contrary 
effects  take  place.  In  fhort,  the  parts  which  arc 
immerfed  in  the  fphere  of  adlion  of  the  electrified 
plate,  by  contra6ling  a  contrary  electricity,  give 
the  eleBricity  of  the  metal  plate  an  opportunity 
to  expand  itfcif,  and  will  thus  diminilh  it's  inte-n- 
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fity,  as  is  fiievvn  by  the  depreffion  of  the  ele Uro- 
meter. 

The  twp  following  experiments  will  throv/ 
more  light  upon  the  reciprocal  adion  of  the  elec- 
tric atmofpheres-. 

Experiment  cixxxiii.— Elecflrify  two  flat 
condudlors,  either  both  politively  or  negatively, 
then  bring  them  gradually  towards  each  other, 
and  it  will  appear,  by  two  annexed  eleQ;rometersy 
that  the  nearer  they  approach  each  other,  the 
Jiiore  their  deniities  will  increafe,  as  all  elaftic 
bodies  re-adt  in  proportion  as  they  are  aded  on ; 
which  fhews,  that  either  of  the  two  conjugate  pow- 
ers has  a  much  lefs  capacity  to  receive  more  fluid 
now,  than  when  fingly  infulated,  and  out  of  the 
influence  of  the  other.  This  experiment  explains, 
why  the  tenfion  of  the  electric  atmofphere  on  an 
cledlrified  conductor  is  greater  when  it  is  contrac- 
ted into  a  fmaller  bulk;  and  alfo,  why  a  long 
extended  conducflor  will  fhew  lefs  intenfity  than 
a  more  compadl  one,  fuppoling  their  quantity  of 
furface  and  eledricity  to  be  the  fame  ;  becaufe  the 
homologous  atmofpheres  of  their  parts  interfere 
lefs  with  each  other  in  the  former  than  in  the 
latter  cafe,  and  of  courfe,  as  their  adlion  is  lefs# 
the  re-aBion  is  alfo  lefs. 

ExPERIMENf 


23a  An  Essay   o  ^ 

Experiment  clxxxiv. — Eledrify  one  of  thefe 
Pdt  condu6lors  politively,  the  other  negatively^ 
and  the  effects  \\rill  then  be  juft  the  revcrfe  of  the 
preceding,  viz.  the  intenfity  of  their  electricities 
will  be  din^inifhed,  becaufe  their  capacities,-  or 
their  power  and  facility  of  expanding,  are  in- 
creafed  the  nearer  the  condudors  come  to  each 
other. 

Apply  the  explanation  of  this  laft  experiment 
to  that  mentioned  before,  viz.  the  bringing  the 
ekdrified  mefal  plate  towards  a  conducing  pl'ane, 
which  is  not  infulated ;  for,  as  this  plane  acquires 
a  contrary  eledlricity,  it  follows,  that  the  intenlity 
of  eleftricity  in  the  metal  plate  muft  be  dimi- 
nifhed,  and  the  annexed  eledlrometer  is  depreffed 
according  as  the  capacity  of  the  plate  is  increafed, 
or  as  the  denfity  of  it's  atmofphere  is  diminiflied  5 
and  confequcntly  the  plate  in  that  iituation  is 
capable  of  receiving  a  greater  quantity  of  elec- 
tricity^ 

This  will  be  rendered  flill  clearer  by  the  fol- 
lowing  experiment. 

Experiment  clxxxv. — Infulate  the  conduc- 
ting plane  whilft  the  other  eledlriiied  plate  is 
upon  it,  and  afterwards  feparating  them,  both 
the  metal  plate  and  conducing  plane,  which  may 
be  called  the  inferior  plane,  will  be  found  eleftri-- 
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lied,  but  poflefTed  of  contrary  cleclricities,  as  may 
be  afcertained  by  eledlrometers. 

If  the  inferior  plane  is  infulated  firfl,  and  then 
the  eledrified  plate  is  brought  over  it^  then  the 
latter  will  caufe  an  endeavour  in  the  former  to 
acquire  a  contrary  electricity,  which  the  infulationi 
prevents  from  taking  place  j  hence  the  intenfity 
pf  the  eledlricity  of  the  plate  is  not  diminifhed, 
at  leaft  the  electrometer  will  fhew  a  yery  little, 
and  almoft  imperceptible  depreflion,  which  fmall 
deprellion   is   owing  to  the  imperfeftion  of  the 
infulation  of  the  inferior  plane,   and  to  the  fmall 
rarefaction  and  condenfation  of  the  electric  fluid, 
which  may  take  place  indifferent  parts  of  the  faid 
inferior  plane.   But  if,  in  this  iituation,  the  infe- 
rior plane  be  touched  ^o  as  to  cut  off  the  infula- 
tion for  a   moment,   then  it   will  acquire   the 
contrary  eledlricity,    and   the  intenfity   in   the 
metal  plate  will  be  diminifhed. 

If  the  inferior  plate,  inftead  of  being  infu- 
lated, were  itfelf  a  non-conduding  fubftancc, 
then  the  fame  phaenomena  would  happen,  viz. 
the  intenfity  of  the  eledtrified  metal  plate  laid 
upon  it  would  not  be  diminifhed.  This,  how- 
ever, is  not  always  the  cafe,  for  if  the  faid  infe- 
rior non-condu6ling  plaioe  is  very  thin,  and  is 
laid  upon  a  condudor,  then  the  intenfity  of  the 
eledtrified  metal  plate  will  be  diminifhed,  and 
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it's  capacity  will  be  increafed  by  being  laid  upon 
the  thin  infulating  flratum  :  as  in  that  cafe,  the 
conducing  fubftance,  which  Hands  under  the 
non-conducling  Hratum,  acquiring  an  electricity 
contrary  to  that  of  the  metal  plate,  will  diminifh 
it's  intenfityj  &c.  and  then  the  infulating  ftraturn 
will  only  diminifh  the  mutual  a<flion  of  the  tvvo 
atmofpheres  more  or  lefs,  according  as  it  keeps 
them  at  greater  or  fmallcr  diftances  from  each 
other. 

The  intenlity  or  elediric  adlion  of  the  metaj 
plate,  which  diminifties  gradually  as  it  is  brought 
nearer  and  nearer  to  a  conducing  plane  not  infu- 
lated,  becomes  almoll  nothing  when  the  plate 
is  nearly  in  contad  with  the  plane,  the  compen-. 
fation  or  natural  ballance  being  nearly  perfe6l:. 
Hence,  if  the  inferior  plane  only  oppofes  a  fmall 
refinance  to  the  paffage  of  the  eledlricity,  (whe- 
ther fuch  reiiftance  is  occafioned  by  a  thin  elec- 
tric flratum,  or  by  the  plane's  imperfe6l  con- 
dudling  nature,  as  is  the  cafe  with  dry  wood, 
marble,  &c.)  that  reliflance,  joined  to  the  inter- 
val^ however  fmall,  that  is  between  the  two  plates, 
cannot  be  overcome  by  the  weak  intenfity  of  the 
eiedlricity  of  the  metal  plate,  Vvhich  on  that  ac- 
count will  not  dart  any  fpark  to  the  inferior  plane, 
(except  it's  eledlricity  were  very  powerful,  or  it's 
edges  not  well  rounded)  and  will  rather  retain 
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lt*s  eledlricity  5  fo  that  being  removed  from  the 
inferior  plane,  it's  ele6lrometer  will  nearly  recover 
it's  former  height.  Befides,  the  eieclrlfied  plate 
may  even  come  to  touch  the  imperfectly  con- 
ducing plane,  and  may  remain  in  that  lituation  for 
fome  time ;  in  which  cafe,  the  intenlity  being 
reduced  almoft  to  nothing,  the  elecflricity  will 
accordingly  pafs  but  flowly  to  the  inferior  plane. 
But  the  cafe  is  different,  if,  in  performing  this 
experiment,  the  eledtrified  metal  plate  touches 
the  inferior  plane  edgewife,  for  then  it's  intenlity 
being  greater  than  when  it  is  laid  flat,  as  appears 
by  the  eleQrometer,  the  electricity  ealily  over- 
comes the  fmall  refiftances,  and  pafles  to  the 
inferior  plane,  even  acrofs  a  thin  flratum,  becaufe 
the  eledricity  of  one  plane  is  ballanced  by  that  of 
the  other,  only  in  proportion  to  the  quantity  of 
furface  which  they  oppofe  to  each  other  within 
a  given  diftance ;  fo  that  when  the  metal  plate 
touches  the  other  plane  in  flat  and  ample  contad, 
it's  eledlricity  is  not  diflipated.  This  apparent 
paradox  is  clearly  explained  by  the  theory  of 
ele6lric  atmofpheres. 

It  is  fl:ill  more  like  a  paradox,  that  neither 
touching  the  metal  plate  with  a  finger  or  piece 
of  metal  will  deprive  it  of  all  it's  eledlricity, 
while  fl:anding  upon  the  proper  plane ;  fo  that 
it  generally  leaves  it  fo  far  eledlrified,  that  when 
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feparated  from  the  plane,  it  will  give  a  fpark. 
Indeed  this  phaenomenon  could  not  be  explained 
on  the  fuppofition,  that  the  finger  or  metal  were 
perfed  condudors.  But,  fince  we  do  not  know 
of  any  perfedl  condudlor,  the  metal  or  finger  op- 
pofe  a  fufficient  refifi:ance  to  retard  the  imme- 
diate diflipation  of  the  eledricity  of  the  plate, 
which  is  in  that  cafe  adluated  by  a  very  fmali 
degree  of  intenfity,  or  power  of  expanfion;  fo 
that,  fuppofe  for  inftance,  the  piece  of  metal 
or  finger  touching  the  plate  took  ofFfo  much  of 
it's  eledlricity  as  to  reduce  the  intenfity  of  the 
remainder  to  the  50th  part  of  a  degree,  this  re- 
maining elc6lricity  would  be  then  nothing ;  but 
when  the  plate,  by  being  feparated  from  the  in- 
ferior plane,  has  it's  capacity  fo  far  diminifi:ied 
as  to  render  the  intenfity  of  it's  cledlricity  100 
times  greater,  then  the  intenfity  of  that  remain- 
ing eledlricity  would  become  of  two  degrees  or 
more,  viz.  fufficient  to  afford  a  fpark. 

Having  confidered  in  what  manner  the  a6lion 
of  eleclric  atmofpheres  modifies  the  ele8ricity 
of  the  metal  plate  in  it's  various  fituations,  we 
lliall  now  confider  the  efieds  which  take  place 
when  the  eledricity  is  communicated  to  the 
metal  plate,  whilfi:  ftanding  upon  a  metal  plane. 
As  the  whole  bufinefs  has  been  proved  in  the 
preceding  pages,  it  is  eafy  to  deduce  the  appli- 
cations 


Electricity.         235 

cations  from  it :  neverthelefs,  it  will  be  ufeful 
to  exemplify  it  by  an  experiment. 

Experiment   clxxxvi. — Suppofe  a   Leyden 
phial  or  a  conductor,  fo  weakly  eledlrified  that 
it's  inteniity  is  one  half  a  degree,  or  even  lefs ; 
if  the  metal  plate  of  the  condenfer,  when  {land- 
ing upon  it's  proper  plane,  was  to  be  touched 
with  that  phial  or  conductor,  it  is  evident,  that 
either  of  them  would  impart  to  it  a  quantity  of 
it's  eledlricity,   proportional  to  the  plate's  ca- 
pacity, viz.  fo  much  as  fhould  make  the  inten- 
iity of  the  eledricity  of  the  plate  equal  to  that  of 
the  ele6lricity  in  the   conductor  or  phial,  viz. 
half  a  degree ;  but  the  plate's  capacity,  now  it 
lies  upon  a  proper  plane,   is  above  1 00  times 
greater  than  if  it  flood  infulated  in  the  air,  or 
w^hich  is  the  fame  thing,  it  acquires  100  times 
more  eledlricity  from  the  phial  or  condud:or.  It 
naturally  follows,  that  when  the  metal  plate  is  re- 
moved from  the  proper  plane,  it's  capacity  being 
lelTened  fo  as  to  remain  equal  to  the  1 00th  part 
of  what  it  was  before,  the  inteniity  of  it's  elec- 
tricity muil  become  50^,  lince  the  inteniity  of 
the  eleftricity  in  the  phial  or  condudor  was  half 
a  degree. 

If  a  fmall  quantity  of  eleQrlcity,  applied  to 
the  metal  plate  of  the  condenfer,   enables  it  to 

F  f  2  give 
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give  a  flrong  fpark,  it  may  be  afked.  What  would 
a  greater  quantity  do  ?  Why  nothing  more.  Be-» 
caufe,  when  the  eledricity  communicated  to  the 
metal  plate  is  fo  llrong  as  to  overcome  the  fmall 
reiiftance  of  the  inferior  plane,  it  will  be  diffl- 
patedj. 

It  is  eafy  to  underftand,  that  if  the  metal  plate 
of  the  condenfer  can  receive  a  good  {hare  of 
electricity  from  a  Leyden  phial  or  ample  conduc-» 
tor,  however  weakly  eledrilied,  it  cannot  re- 
ceive any  confiderable  quantity  of  it  from*  a  cori- 
dud:or  of  fmall  capacity;  for  this  conductor 
cannot  give  what  it  has  not,  except  it  were  con-^ 
tinually  receiving  a  ftream,  however  fmall,  as  is 
the  cafe  with  an  atmofpherical  condu6lor,  or  with 
the  conductor  of  a  machine  which  ads  very 
poorly,  but  continues  in  action.  In  thofe  cafes 
it  has  been  obferved,  that  a  confiderable  time  is 
required  before  the  metal  plate  has  acquired  a 
fufficient  quantity  of  eledricity. 

As  an  ample  condudor,  weakly  eledrifiedj 
imparts  a  coniiderable  quantity  of  elc6;ricity  to 
the  metal  plate  of  the  condenfer,  fo  when  this 
plate  is  afterwards  feparated  from  it's  plane,  the 
electricity  in  it  appears  much  condenfed  and 
vigorous ;  when  the  fame  plate  contains  a 
fmall  quantity  of  electricity,  fuch  as  cannot 
give  a  fpark  or  aftecl  an  eledrometer,  that  elec- 

f;ricity 
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tricity  may  be  rendered  very  confpicuous  bjr 
communicating  it  to  another  ftnall  plate  or  coa-^ 
denfer. 

Mr.  Cavallo  firft  thought  of  this  improve-, 
ment,  by  reafoning  on  Mr.  Voha's  experiments. 
He  made  a  fmall  metal  plate  not  exceeding  the 
fize  of  a  fhilling.  This  fecond  condenfer  is  of 
great  ufe  in  many  cafes,  where  the  electricity  is 
fo  fmall  as  riot  to  be  at  all,  or  not  clearly  ob- 
fervable  by  one  condenfer  only,  as  has  been  fully- 
proved.  Sometimes  the  ufual  metal  plate  of  a 
condenfer  acquires  fo  fmall  a  quantity  of  elec- 
tricity, that  being  afterwards  taken  from  the 
inferior  plane,  and  prefented  to  an  extremely 
feniible  eledlrometer,  made  by  Mr.  Cavallo,  it 
did  not  affed  it.  In  this  cafe,  if  the  faid  plate, 
thus  weakly  eledirified,  was  made  to  touch  the 
other  fmall  plate  properly  lituated,  and  was  af- 
terwards brought  near  an  eledlromster,  the  elec- 
tricity was  then  generally  ftronger  than  was  fuf- 
ficient  merely  to  afcertain  it's  quality. 

Now,  if  by  the  help  of  both  condenfers,  the 
intenfity  of  the  eledlricity  has  been  augmented 
1000  times,  which  is  by  no  means  an  exagge- 
ration, how  weak  muft  then  be  the  eledlricity  of 
jthe  body  examined  !  how  fmall  the  quantity  of 
jcledlricity  that  is  produced  by  rubbing  a  piece 
C)f  metal  with  one's  hand  '.  fince  when  it  is  con- 

denfed 
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denfed  by  both  condenfers,  and  then  communis 
cated  to  an  eledlrometer,  it  will  hardly  afFeft 
that  inftrument,  and  yet  is  fufficient  to  afford 
conviction,  that  the  metal  can  be  eledlrilied  by 
the  fridion  of  a  perfon's  hand. 

Before  the  difcovery  of  the  condenfer  and  Mr. 
Cavallo's  very  fenfible  eledrometer,  we  Were  far 
from  being  able  to  difcover  fuch  weak  excita- 
tions; whereas,  at  prefent,  we  can  obferve  a 
quantity  of  eledlricity,  incomparably  fmaller 
ihm  the  fmalleil  obfervable  at  thofe  times. 


CHAP. 
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CHAP.      XIL 

Of  Atmospherical  Electricity. 

IT  is  now  univerfally  acknowledged  by  every 
philofopher,  that  theeledric  fluid  is  diffemi-^ 
nated  through  the  whole  atmofphere :  it  is  alfo 
known,  that  the  motion  of  this  fluid  is  retrained 
when  it  adls  in  denfe  air,  but  it  moves  with  the 
greateft  liberty  in  a  vacuum  or  rarified  air,  as  in 
an  exhaufted  receiver.  Therefore  at  a  great 
height,  where  the  air  is  equally,  if  not  more  ra- 
rified than  in  our  receivers,  it's  motion  mult  be 
exceeding  free,  and  hence  capable  of  the  greateft 
effedls :  becaufe  it  can  be  moved  from  one  place 
to  another  with  extreme  eafe  and  rapidity,  and 
in  great  quantities ;  and  if,  as  many  philofo- 
phers  believe,  the  eledric  fluid  is  that  ether  or 
fubtil  matter  which  fills  the  intervals  between 
the  planets,  how  great  muft  be  the  force  of  an 
agent  which  fills  thefe  immenfe  fpaces  !  Be  this 
as  it  will,  we  know  that  the  upper  flrata  of  air 
are  filled  with  this  fluid,  and  that  it  moves  there 
freely. 

Again,  we  know  that  water,  whether  in  fub- 

ftance  or  in  vapour,  is  a  conductor  of  eledlricity  ; 

that  in  proportion  as  air  is  loaded  with  it,  it 

4-  refifls 
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reiifts  lefs  the  motion  and  difFufion  of  the  elec=* 
trie  fluid:  eonfequently,  if  vapour  rifes  to  s 
great  height,  it  becomes  a  condu(n:or  and  canal 
of  communication  between  this  immenfe  refer- 
voir,  this  ocean  of  free  eledlric  fluid,  and  the 
entire  mafs  of  our  globe.  If  then  this  fluid  is 
more  reftrained  at  one  part  of  our  globe,  than  it 
is  in  correfponding  parts  of  the  higher  regions, 
the  vapours  will  be  the  medium  to  reftore  the 
equilibrium.  But  this  equilibrium  will  not  lafl: 
long,  for  it  is  natural  to  fuppofe  this  immenfe 
fluid  fubjecfl  to  a  flux  and  reflux,  currents,  &:c, 
which  will  alter  it's  local  denfity.  Thus  alfo 
this  fluid,  which  is  contained  in  our  globe,  can- 
not be  long  uniformly  fpread  through  it*s  mafs, 
as  there  are  ten  thoufand  agents,  which  will 
either  accumulate  or  rarify  it :  eonfequently  va- 
pour will  fcarce  ever  rife  without  ferving  as  a 
vehicle  to  maintain  the  equilibrium  between  our 
globe  and  the  fluid  in  the  higher  regions  of  the 
atmofphere. 

This  theory  is  fo  natural  a  confequence  of  the 
mofl:  immediate  and  certain  principles  of  electri- 
city, that  it  feems  almofl:  fuperfluous  to  confirm 
it  by  the  phaenomena  which  it  explains.  It  is 
the  only  one  that  accounts  for  the  following  fa6l,_ 
that  vapours  never  rife  to  a  great  height  without 
producing  the  mofl  terrible  meteors.     All  con- 

flderabk 
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fiderable  volcanic  produ6lions  are  accompanied 
with  lightning.  The  fire  which  rifes  from  the 
earth  feems  to  light  that  of  heaven.  The  cplumn 
of  vapour  which  proceeds  from  the  bowels  of  a 
volcano  is  continually  traverfed  by  lightning,* 
which  fometimes  feems  to  proceed  from  the 
higher  regions,  fometimes  from  the  column  itfelf. 
Hail,  which  necelTarily  fuppofes  the  a/cenlion  of 
vapour  to  a  conliderable  height,  is  always  acr 
companicd  with  eledtricity.  The  aurora  borealis 
is  alfo  eledlrical ;  it's  light  feems  to  be  produced 
by  the  eleQ:ric  fluid,  at  the  inftant  it  is  con- 
denfed  in  palling  in  the  columns  of  elevated  va^ 
pour. 

Waterfpouts,  whirlwinds,  and  even  earth- 
quakes, are  in  a  great  meafure  the  effects  of  tor- 
rents of  the  eledlric  matter,  attracted  from  the 
higher  regions  by  torrents  of  vapour.  In  a 
word,  can  the  eledlricity  of  the  clouds  be  attri, 
buted  to  a  more  natural  or  probable  caufe  ?t 

For  the  fubje6l  of  this  chapter  we  are  prin-^ 

eipally  indebted  to  P.  Becearia,  who  has   for 

many   years    accurately  obferved    the    various 

changes  in  the  eledricity   of    the  atmofphere, 

,  G  g  and 

*  The  younger  Pliny  obferved  thefe  lightnings  in  the 
eruption  which  killed  his  uncle.  Sir  William  Hamilton 
has  alfo  obferved  them  feveral  times. 

t  SauITure's  Effais  fur  THygrometriej  p.  27^, 
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and  their  relation  to  the  other  phasnomena  of 
the  weather.  His  apparatus  was  admirably  well 
adapted  for  this  purpofe,  and  fuperior  to  any 
thing  that  we  are  at  prefent  acquainted  with, 
for  intimating  eafily  and  at  all  times  the  elec- 
tricity of  the  air.  It  not  being  at  firft  fufpedied, 
that  eledricity  was  fp  intimately  blended  with 
every  operation  of  nature,  as  it  is  now  known 
to  be,  the  labourers  in  this  part  are  of  courfc 
very  few ;  the  principal  are  P.  Beccaria,  Mr. 
Ronayne,  and  Mr.  Cavallo. 

I  have  extraQed  and  methodized  the  refults 
of  the  obfervations  made  by  P.  Beccaria,  intro- 
ducing occaiionally  thofe  made  by  other^  that 
the  reader  might  be  in  poflTeilion  of  the  hipfl 
material  facts,  and  excited  to  inveftigate  and 
purfue  with  attention  this  delicate  and  important 
fubjedl;  for,  indeed,  little  certainty  can  be 
expeded  from  any  fyllem  of  meteorology,  where 
the  adlipn  of  the  principal  agent  is  not  particu« 
larly  coniidered  and  attended  to. 
•  The  apparatus  ufed  by  P.  Beccaria,  for  in- 
veftigating  the  eledrjcity  of  the  atmofphere, 
was  an  iron  wire,  which  he  terms  an  exploring 
wire,  one  hundred  and  thirty-two  feet  long.  It 
was  fixed  at  one  end  to  a  pole  raifed  over  the 
chimney,  the  other  end  was  faftened  to  the  top 
of  a  cherry-tree.     The  extremities  of  the  wire 

were 
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^ere  infulated,  and  covered  with  a  fmall  um- 
brella of  tin.  Another  wire  was  brought  from 
this,  (through  a  thick  glafs  tube,  coated  with 
fealing-wax)  into  the  room;  by  which  means, 
continual  information  of  the  ftate  of  the  eledtri- 
city  in  the  exploring  wire  was  obtained.  He 
connedted  with  this  wire  a  fmall  flip  of  metal,  on 
each  fide  of  which  was  a  fmall  pith  ball,  one  line 
diameter ;  the  balls  were  fufpended  by  lilk 
threads,  fixteen  lines  long. 

Air-balloons  will  probably  enable  us  to  dif- 
cover  with  certainty  the  ele8:ricity  of  the  diffe- 
rent ftrata  of  the  atmofphere.  Mr.  de  SaulTure 
has  already  made  the  experiment  with  a  balloon 
made  of  taffety,  containing  two  hundred  cubic 
feet  of  air,  and  which  was  raifed  by  the  heat 
from  the  flame  of  fpirit  of  wine :  v^ith  this,  in 
cloudy  but  calm  weather,  he  obtained  a  fl:rong 
pofitive  eled:ricity.* 

The  eledlricity,  in  ferene  weather,  generally 
inakes  each  of  the  balls  diverge  about  flx  lines ; 
when  it  is  very  fl:rong,  they  will  diverge  flfteen 
or  twenty  degrees  from  the  metal  plate;  when 
Weak,   the  divergence  is  very  fmall. 

In  ferene    weather,    the    wire,    after    being 

G  g  2  touched, 

*  Paujas    de   St.  Fond,   DefcriptiOn    des    Exp«rie|icet. 
A«roIlati(jues,  torn*  II.  p.  271. 
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touched,  will  take  a  minute  or  longer  before  if 
again  fhews  ligns  of  eledlricity ;  though,  at  other 
times,  it  will  become  eleftrified  in  the  fpace  of 
a  fecond. 

The  eleftricity  during  ferene  weather  is  always 
pofitive.  There  are  few  inftances  in  which  it  is 
negative,  and  then  it  is  brought  o^er  by  the 
wind  from  fome  part  of  the  atmofphere,  (per- 
haps very  diflant  from  the  place  of  obfervation) 
where  there  is  either  fog,  fnow,  rain,  or  clouds. 
The  whole  fcries  of  obfervations,  which  P. 
Beccaria  has  made,  confirm  this  poiition.  He 
feems  to  have  met  with  only  three  or  four  in- 
ftances  to  the  contrary. 

Dr.  Franklin  has  obferved,  that  the  clouds 
are  fometimes  negative,  which  is  certainly  true ; 
becaufe  they  will  at  times  abforb,  at  and  through 
the  apparatus,  a  large  and  full  bottle  ofpoiitive 
elc<5lricity,  of  which  the  apparatus  could  not 
have  received  and  retained  the  hundredth  part. 
And  it  is  eafy  to  conceive,  how  a  ftrongly  charged 
large  poiitive  cloud  may  reduce  fmaller  clouds 
to  a  negative  llate. 

The  electricity  of  the  atmofphere  is  very  much 
connected  with  the  ftate  of  the  air,  as  to  moifture 
and  drynefs  ;  fo  that  it  is  neceiTary  to  attend  to 
the  hygrometer,  in  order  to  forma  proper  judge- 
ment of  the  different  degrees  of  eledlricity  at 
z         '  difFerent 
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clifFerent  times.  That  invented  by  Mr.  Coven- 
try, which  is  made  of  hatters'  paper,  will  anfwer 
bed;  it  is  very  fenfible,  abforbs  moifture  foon, 
and  parts  with  it  ealily.  Comparative  obfer- 
vations  may  aifo  be  made  w^ith  it.  It  is  alfo 
neceffary  to  place  a  thermometer  near  the  hy- 
grometer, to  afcertain  what  quantity  of  moifture 
the  air  can  keep  in  folution  with  a  given  degree 
of  heat ;  though  this  objedl  will  more  probably 
be  obtained  by  obferving  accurately  the  quan- 
tity of  moifture  evaporated  from  a  given  furfacc 
at  different  times.  It  is  alfo  to  be  obferved, 
that  the  different  degrees  of  denfity  in  the  air 
will  affed  the  quantity  of  moifture  which  is 
retained  in  the  air. 

The  moifture  in  the  air  is  the  conftant  con^ 
dudlor  of  the  atmofpheric  eledlricity  during  clear 
weather;  and  the  quantity  of  electricity  is  pro- 
portioned to  the  quantity  of  moifture  which 
furrounds  the  exploring  wire ;  except  there  h 
fo  much  as  to  leffen  the  exadnefs  of  the  infu- 
lation  of  the  wire  and  of  the  atmofphere.  In 
a  dry  ftate  of  the  air,  it  will  fometimes  be  above 
a  minute  before  the  balls  will  manifeft  any  elec- 
tricity'after  the  wire  has  been  touched ;  though 
in  a  damper  ftate,  a  fecond  will  fcarce  elapie 
before  rapid  ofcillations  of  the  balls  may  be  ob- 
ferved 
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ferved  between  the  finger  and  the  plate  of  brafs 
to  which  they  are  affixed.  * 

The  eleQricity,  when  the  weather  clears  up, 
is  always  pofitive.  When  the  weather  is  clearing 
up,  and  becomes  dry  quickly,  the  cledricity 
rifes  to  a  great  degree  of  intenlity,  and  affords 
frequent  opportunities  for  repeating  the  obfer-* 
vations.  It  fometimes  happens,  that  the  elec- 
tricity, caufed  by  the  clearing  up  of  the  weather, 
continues  in  it's  flate  of  intenlity  for  a  long 
while ;  and  alfo,  after  being  interrupted,  it  be- 
gins afreih.  Thefe  accidents  feem  to  be  owing 
to  the  ele6lricity  being  brought  over  by  the  wind 
from  great  diftances. 

P,  Beccaria  fays,  that  whenever  he  obferved 
that  the  thick  low  clouds  which  were  over  his 
//  head  began  to  break,  and  the  rare  even  clouds, 
which  are  above  the  former,  became  dilated,  that 
i/^  the  rain  ceafed,  and  the  balls  diverged  with  po- 
fitive eledlricity,  he  always  wrote  down  cer- 
tain TENDENCY  TO  CLEAR  WEATHER. 

Prior  Ceca  fays^  that  a  ilrong  pofitive  elec- 
tricity 

*  In  making  obfervations  on  the  eleftrlcity  of  .the  atmo- 
-Ipbere  in  clear  weather,  it  is  effential  to  repeat  them  very 
frequently ;  i.  e.  to  obferve  the  velocity  with  which  the' 
cle6lricity  rifes  after  it  has  been  annihilated ;  which  P.  Bec- 
caria generally  eftimated  by  the  number  of  feconds  elapfed 
before  the  balls  began  to  manifcfl  their  elc6lricity* 
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tricity  after  rain  is  an  indication  that  the  weather  ^ 
will  continue  fair  for  feveral  days.     If  the  elec^ 
tricity  is  weak,  it  is  a  lign  that  the  fair  weather 
will  not  iaft  the  whole  day,  but  that  it  will  foon 
be  cloudy,  and  even  rain. 

If,  when  the  fky  grows  clouded  over  the  place 
of  obfervation,  and  a  high  cloud  is  formed,  with- 
out any  fecondary  clouds  under  it,  and  that  it 
is  not  an  extenfion  of  a  cloud  which  drops  rain 
elfewhere,  either  no  eledricity  takes  place,  or  it 
is  pofitive. 

If  the  clouds  which  are  gathering  are  fhaped 
like  locks  of  wool,  and  keep  moving  firft  nearer 
to,  and  then  feparating  from  each  other ;  or,  if 
the  general  cloud  which  is  forming  lies  very 
high,  and  is  fl  retched  downwards  like  defc end- 
ing fmoke,  then  pofitive  eledlricity  commonly 
takes  place,  which  is  more  or  lefs  ftrong  in  pro- 
portion to  the  quicknefs  with  which  this  cloud 
forms  ;  and  it  foretels  the  greater  or  lefs  quan- 
tity and  velocity  of  the  rain  or  fnow  which  is  to 
follow. 

When  a  thin,  even,  and  extenlive  cloud  is 
forming,  which  darkens  the  fky,  and  turns  it 
into  a  grey  colour,  a  ftrong  and  repeated  pofi- 
tive eledricity  takes  place ;  but  in  proportion 
as  the  gathering  of  the  cloud  flackens,  this 
eledricity  lefTens,  or  even  fails.  On  the  con- 
trary. 


^48  An  Essay    ON 

trary,  if  the  rare  extenfive  cloud  is  gradually 
fooTied  of  fmaller  clouds,  like  locks  of  wool, 
which  are  continually  joining  to,  and  parting 
from  each  other,  the  politive  electricity  com- 
monly continues. 

Low  and  thick  fogs  (efpecially  when  as  they 
4:ife  the  air  above  them  is  free  from  moifture) 
carry  up  to  the  exploring  wire  an  eledricity 
which  v/iil  give  fmall  fparks  repeatedly,  and 
produce  a  divergence  of  the  balls  from  20°  to 
25",  or  even  30''.  If  the  fog  grows  fluggifh,  and 
continues  round  the  exploring  wire,  the  eledlricity 
foon  fails ;  but  if  it  continues  to  rife,  and 
another  cloud  fucceeds,  it  eledlrifies  again  the 
wire,  though  lefs  than  before.  Sky-rockets  fent 
through  fuch  thick,  low,  and  continued  fogs, 
often  afford  figns  of  eledricity.  P.  Beccaria, 
under  any  one  of  the  circumftances  above 
defcribed,  never  met  with  an  inftance  of  nega- 
tive eleS:ricity ;  except  perhaps  once,  when  he 
fent  a  fky-rocket,  to  which  a  ftring  was  fixed, 
through  a  low  thick  fog;  though  he  had 
afterwards  every  reafon  to  think,  that  he  had 
millaken  a  false  little  star  for  a  true  one. 
Mr.  Ronayne  obferved,  that  the  air  in  Ireland 
was  generally  eledlrified  in  a  fog,  and  even  in  a 
mifb,  and  that  both  day  and  night,  but  prin- 
cipally in  winter ;  feldom  in  fummer,  except 
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from  pofitive  clouds,  or  cool  fogs.  The  eledlri- 
city  of  the  air  in  a  froil  or  fog  is  always  pofitive. 
He  fays,  that  he  has  often  obferved,  during  what 
feemed  the  palling  of  one  cloud,  fu€ceffive 
changes  from  negative  to  pofitive,  and  from 
pofitive  to  negative. 

N.  B.  Mod;  fogs  have  a  fmell  very  like  an 
excited  glafs  tube. 

.  Mr.  Henly  has  fliewn,  that  fogs  are  more 
ftrongly  elecflrified  in,  or  immediately  after  a 
frofl,  than  at  other  times ;  and  that  the  eledricityr> 
in  fogs  is  often  the  flrongefl  foon  after  their  ap- 
pearance. 

Whenever  there  appears  a  thick  fog,  and  at 
the  fame  time  the  air  is  fharp  and  frofl:y,  that 
fog  is  flrongly  eledirified  pofitively. 

Though  rain  is  not  an  immediate  caufe,  yet 
he  is  inclined  to  think,  it  was  always  a  remote 
confequence,  of  elecf^ricity  in  the  atmofphcre  ; 
and  he  generally  found,  that  in  two  or  three  days 
after  he  had  difcovered  the  air  to  be  flrongly 
electrified,  we  had  rain,  ox  other  falling  wea- 
ther. 

If,  in  clear  weather,  a  low  cloud,  which 
moves  (lowly  and  is  confiderably  diflant  from  any 
other,  pafTes  over  the  wire,  the  pofitive  eledricity 
generally  grows  very  weak,  but  does  not  become 
negative  ;  and  when  the,  cloud  is  gone,  it  returns 
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to  it's  former  (late.  When  many  whitifh  clouds, 
like  locks  of  wool,  keep  over  the  wire,  fometimes 
uniting  with,  and  then  feparating  from  each 
other,  thus  forming  a  body  of  coniiderable  extent, 
the  pofitive  eleQ;ricity  commonly  increafes.  In 
all  the  above  circum (lances  the  pofitive  eledlricity 
never  changes  to  a  negative  one. 

The  clouds  which  leffen  the  eledricity  of  the 
exploring  wire  are  thofe  which  move ;  though 
thofe  that  are  low  feem  alfo  to  have  the  iame 
effed. 


lj^.j:i 


Of  the   Diurnal  Atmospherical  Electri- 
city. 

In  the  morning,  when  the  hygrometer  indi- 
cates a  degree  of  drynefs  equal  to,  or  little  lefs 
than  that  of  the  preceding  day,  an  eledricity 
takes  place  before  the  fun  rifes  ;  which  is  mani- 
felled  by  jundlions,  adhelions,  or  even  a  diver- 
gence of  the  balls,  and  is  proportioned  to  the 
drynefs  of  the  air,  and  the  fmallnefs  of  it*s  dif- 
ference from  that  of  the  preceding  day.  If  this 
ilate  of  drynefs  does  not  obtain,  no  difccmible 
eledlricity  will  be  perceived  before,  or  even  for 
a  little  while  after,  the  rifing  of  the  fun-  As  the 
air  is  generally  damp  in  the  night,  eledlricity  is 
fcldom  obferved  before  the  fun  rifes.     During 

three 
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three  months  obfervations,  P.  Beccaria  found  the 
leledtricity  before  the  fun  rafe  only  eighteen 
mornings ;  and  from  the  whole  of  his  numerous 
obfervations  it  appears,  that  the  appearance  of 
eledricity  in  winter  before  fun-rife  is  more 
frequent  that  in  the  fummer,  efpecialiy  if  the 
dampnefs  from  hoar-frofl  is  prevented  froni 
affcQing  the  apparatus. 

In  the  morning,  as  the  fun  rifes  higher,  the 
eleiflricity,  whether  it  began  before  fun-rife  or 
only  after,  gradually  increafes.  This  gradual 
increafe  of  the  morning  elediricity  begins  foon^r, 
if  the  hygrometer  continues  after  fun-rife  to 
indicate  a  greater  degree  of  increafing  drynefs. 
The  intenfiry  and  the  rife  of  the  electricity  (after 
it  has  been  annihilated  by  touching  the  exploring 
wire)  lafts  in  ferene  days,  in  which  no  impetuous 
wind  takes  place,  and  the  hygrometer  is  flationary 
at  the  higheft  degree  it  has  attained  that  day,  till 
the  fun  draws  near  the  place  of  it's  fetting. 
When  the  fun  is  near  fetting,  and  in  proportion 
as  the  hygrometer  abforbs  the  moiilure,  the 
inttniity  of  the  daily  eledricity  lelTens. 

Though  the  hygrometer  may  indicate  equal 
degrees  of  drynefs  at  twelve  o'clock,  in  different 
days,  yet  the  eledricity  will  appear  fooner  after 
being  deftroyed  on  fome  days  than  on  others ; 
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and  this  is  in  a  great  meafure  proportioned  to 
the  increafe  of  heat.  The  eledlricity  moreover 
conimences  on  fuch  days  later  in  the  niorning, 
and  falls  fooner  in  the  evening. 

The  friction  of  winds  again  ft  the  fur  face  of 
the  earth  is  not  the  caufe  of  atmofpheric  elec- 
tricity. Impetuous  winds  lellen  the  intenfity 
of  the  elediricity  in  clear  vi^eather.  If  they  are 
damp,  they  lellen  it's  intenfity  in  proportion  to 
the  diminution  they  caufe  in  the  exadbiefs  of  the 
infulation  both  of  the  wire  and  atmofphere. 

Of  the  Electricity  produced  by  thb 
Evening  Dew^ 

In  cold  feafons,  if  the  fky  is  clear,  little  winds 
and  a  great  degree  of  increafing  drynefs,  an 
electricity  of  confiderable  intenfity  arifes  after 
fun-fet,  as  foon  as  the  dew  begins.  The  fre^ 
qucncy  of  fuch  electricity  is  moreover  greater 
than  that  of  the  ^/^//y  eledricity,  and  it  vanifhes 
fiovvly. 

In  temperate  or  warm  feafons,  if  the  fame 
circumfi:ances  as  above  take  place,  an  eledtricity 
intirely  fimilar  to  the  former  arifes  as  foon  as  the 
fun  has  fet  ;  only  it's  intenfity  is  not  fo  conftant ; 
it  begins  with  greater  rapidity,  and  ends  fooner. 
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If,  under  the  above  circumdances  refpec- 
tively,  the  general  drynefs  of  the  air  happens  to 
be  lefs,  the  elcQriciry  that  rifes  in  the  evening, 
when  the  dew  begins,  is  lefs  in  proportion  to  the 
diminutions  of  the  exadnefs  of  the  infulation  of 
both  the  exploring  wire  and  the  atmofpherc; 
but  correfpondently  to  the  greater  quantity  of 
dew,  the  frequency  of  the  eledlricity  is  greater. 

The  eiediricity  of  dew  feems  to  depend  on  the 
quantity  of  dew,  and  to  follow  in  it's  various 
changes,  proportions  iimilar"  to  thofe  which  take 
place  between  the  ele6lricity  of  calm  mild  rain, 
^^nd  that  of  rainy  and  ftormy  weather,  and 
varies  aifo  according  to  the  feafons. 

As  rain,  fhowers,  the  Aurora  Borealis,  and 
the  zodiacal  light,  have  a  tendency  to  appear 
for  feveral  fuccellive  days  with  the  fame  cha- 
radleriftic  accidents,  fo  the  eledtricity  of  dew 
feems  to  have  as  it  were  an  inclination  to  appear 
for  feveral  evenings  fucceffively  with  the  fame 
charadters. 

Experiment  clxxxvii.— Let  the  air  in  a  well- 
clofed  room  be  eledlrified ;  that  is  to  fay,  the 
moifture  and  other  vapours  difFufed  in  it :  then 
let  a  bottle,  filled  with  water  colder  than  the  air 
in  the  room,  and  infulatcd  on  a  tube  of  glafs, 
be  raifed  pretty  high  in  this  room.  Care  mull 
6  be 
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be  taken  to  preferve  the  infulation  of  the  glafs, 

.with  warm  cloths.     The  electric  figns  that  will 

arife  in  two  threads  fufpended  to  fuch  bottle,  will 

^xadly  reprefent  the  eledlricity  of  dew ;   and 

they  will  exhibit  the  different  manner  after  which 

.this    eleclricity    takes  place,   according  as  the 

.eledrified  vapours  in  the  room  arc  more  or  lefs 

rare  ;   as  the  difference  between  the  heat  of  the 

'^ir  in  the  room,  and  that  of  the  water  in  the  bottle 

-is  lefs  or  greater,  and  the  infulation  of  the  bottle 

lis  more  or  kfs  exadl. 

In  a  thunder-florm  Mr,  Ronayne  obferved^ 
that    the  flaflies   would  caufe  fudden  changes. 
Sometimes  the  eledtricity  would   be  extended, 
'fometimes  diminifhed ;  at  other  times  increafed, 
and   fometimes  even   changed  to  the  contrary 
.again,    though   none   was  perceived  before ;  it 
would  come  on  fuddenly  with  a  fiafh  of  lightning. 
-jA   large    thunder-cloud,    when   it  darkens  the 
fhemifphere,  does  not  produce  fo  much  eledlricity 
asa  branch  of  it,  or  even  as  a  common  ihower; 
that  a  ftorm  does  not  go  in  a  regular  current  of 
.the  wind,   but  obliquely  and   zig-zag;  viz.  it 
-rains  in  that  region  from  whence  the  ftorm  is  tp 
^rocGe;d.  ^ 
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Experiments  and  Observations, jOn. Atmo- 
spherical Electricity,  by  Mr.  Cavallo. 

Thefe  were  principally  made  with  an  eledlrical 
kite,  which  will  collecl:  eledlricity  from  the  air 
^t  any  time.  The  power  of  this  inilrumenc 
refides  in  the  firing.  The  bed  method  of 
making  the  ftring  is  by  twilling  two  threads  of 
common  twine  with  one  of  that  copper  thread 
which  is  ufed  for  trimming :  a  fchodlboy's  kite 
with  this  firing  anfwers  the  purpofe  "a§  well  as 
any  other.  When  a  kite  conftrudldd  in  this 
manner  was  raifed,  Mr.  Cavallo  fays  he  always 
obferved  the  firing  to  give  figns  of  eledlricity, 
except  once ;  the  weather  was  w^arm,  and  the 
wind  fo  weak,  that  the  kite  was  raifed  with 
difficulty,  and  could  hardly  be  kept  up  for  a  few 
minutes  :  afterwards,  when  the  wind  increafed, 
he  obtained  as  ufual  a  flrong  pofitive  electricity* 

If  this  kite  was  raifed  at  a  time  when  there 
was  any  probability  of  danger  from  the  great 
quantity  of  electricity,  Mr.  Cavallo  connedled 
one  end  of  a  chain  with  the  ftring,  and  let  the 
other  end  fall  on  the  ground,  and  placed  him- 
felf  alfo  on  an  infulating  ftool.  Except  the 
kite  is  raifed  in  a  thunder-ftorm,  there  is  no 
great  danger  that  the  operator  will  receive  a 
Ihock.     Although  he  raifed   his  kite  hundreds 

of 
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of  times  without  any  precaution  whatever,  he 
feldom  received  even  a  few  flight  fhocks  in  the 
arms.  But  it  is  not  advifeable  to  raife  it  while 
ilormy  clouds  are  over-head.  This  is  alfo  lefs 
neceiTary,  as  the  ele(5lricity  of  the  atmofphere^ 
may  then  be  ealily  obferved  by  other  means. 

When  the  kite  was  raifed,  he  often  introduced 
the  Uring  through  a  window  into  a  room  of  the 
houfe,  and  faftened  it  by  a  llirong  filk  lace  to  a 
heavy  chair  in  the  room.  Fig.  78,  AB  repre-* 
fents  part  of  the  firing  of  the  kite  which  comes 
within  the  room,  C  the  filk  lace^  D  E  a  fmall 
prime  condudlor,  which,  by  means  of  a  fmall 
wire,  is  connedled  with  the  ftring  of  the  kite ;  F 
a  quadrant  electrometer,  fixed  upon  an  infulating 
{land,  and  placed  near  the  prime  condu6lor;  G 
a  glafs  tube  about  1 8  inches  long,  gn  a  ball  and 
wire  of  brafs,  which  are  fixed  to  the  glafs  tube. 
This  fmall  inflrument  is  ufcful  to  determine  the 
quality  of  the  eledricity,  when  it  is  not  fafe  to 
come  near  the  firing.  This  is  effedled  by  touch- 
ing the  firing  with  the  wire,  which  takes  a  fufli« 
cient  quantity  from  it  to  afcertain  thereby  the 
quality  of  the  eledricity,  either  by  the  attracfcion 
and  repulfion  of  light  balls,  or  the  appearances  of 
the  electric  light :  or  it  may  be  afcertained  by  a 
Leyden  phial,  which  will  retain  a  charge  for  a 
confiderable  time ;  and  then  *he  kite  need  not  be 

kept 
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kept  up  any  longer  than  i^  neceffary  to  charg^  the 
phial,  by  which  the  quality  will  be  fhewn  evert 
at  fome  days  diflance. 

If  a  charged  phial  i^  carefully  kept  from  any 
of  thofe  means  by  which  it  is  known  to  be  dif- 
charged,  it  will  retain  it's  charge  for  a  long  time. 
On  this  principle  the  above-mentioned  phial  is 
conflrueled ;  the  bottle  is  coated  in  the  ufua! 
manner  ;  the  uncostted  part  of  the  glafs  is  cover- 
ed with  waXi  or  elfe  well  varnifhed;  a  glaf^ 
tube,  which  is  open  at  both  ends,  is  cemented 
into  the  neck  of  this  phial,  having  a  piece  of 
tin-foil  connected  with  it's  loweft  extremity, 
which  touches  the  infide  non-eledlric  coating* 
A  glafs  handle  is  fixed  to  the  ball  on  the  wire 
which  palTes  into  the  foregoing  glafs  tube  ;  the 
wire  is  of  a  proper  length  to  touch  the  tin-foil 
which  is  at  the  bottom  of  the  tube.  Charge  this 
bottle  in  the  ufual  manner,  and  then  take  out  the 
wire  from  the  glafs  tube  by  means  of  the  glals 
handle.  This  may  be  done  without  difcharging 
the  phial  t  and,  as  the  fire  cannot  now  efcape 
cafily,  the  charge  of  a  phial  may  be  preferved 
for  many  weeks. 

Fig.  80  reprefents  a  very  fimple  inflrarnent 
(contrived  by  Mr.  Cavallo)  for  making  experi^ 
ments  on  the  electricity  of  the  atmofphere,  and 
which;  on  feveral  accounts,  appears  to  be  the. 
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beft  for  the  purpofe.  A  B  is  a  common  jointed 
fiiliing  rod,  without  the  laft  or  fmalleft  joint : 
from  the  extremity  of  this  rod  proceeds  a  fmall 
glafs  tube  C,  covered  with  feaiing-wax,  a  cork 
D  is  fixed  at  the  end  of  it,  from  which  an  elec- 
trometer with  pith  balls  is  fufpended.  H  G  I 
is  a  piece  of  twine  fafiened  to  the  other  extre- 
mity of  the  rod,  and  fupported  at  G  by  a  fmall 
firing  F  G.  At  the  end  of  the  twine  T  a  pin  is 
failened,  which,  when  pufhed  into  the  cork  D, 
renders  the  eledrometer  E  uninfulated.  When 
the  elecftricity  of  the.atmofphere  is  obferved  with 
this  indrument,  thrufl:  the  pin  T  into  the  cork 
D,  and  hold  the  rod  by  the  lov/er  end  A ;  place 
it  out  of  a  window  at  the  upper  part  of  the  houfe, 
railing  the  end  of  the  rod  with  the  eledlrometer, 
fo  as  to  make  an  angle  of  50  or  60  degrees  with 
the  horizon.  Keep  the  inftrument  in  this  litua- 
tion  for  a  few  feconds,  then  pull  the  twine  at 
H,  and  the  pin  will  be  difengaged  from  the  cork 
D ;  which  operation  caufes  the  firing  to  drop  in 
the  dotted  iituation  K  L,  ard  leaves  the  ele61ro- 
meter  infulated,  and  eleBrified  with  an  eledlricity 
contrary  to  that  of  the  atmofphere.  This  being 
done,  you  may  draw  the  eledlrometer  into  the 
room,  and  examine  the  quality  of  the  eledricity, 
without  obilruction  either  from  wind  or  dark- 
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Fig.  81  is  an  eledlrometer  for  rain,   contrived 
by  Mr.  Cavallo.  A  B  C  T  is  a  ftrong  glafs  tube, 
about  two  feet  and  a  half  long,  having  a  tin  fun- 
nel D  E  cemented  to  it's  extremity,  which  funnel 
defends  part  of  the  tube  from  the  rain.     The 
outlide  furface  of  the  tube  from  A  to  B  is  covered 
with  fealing-wax,   and  fo  is  the  part  of  it  which 
is  covered  by  the  funnel.    F  D  is  a  piece  of  cane 
round  which  brafs  wires  are  twilled  in  different    ' 
diredlions,  fo  as  to  catch  the  rain  ealily,  and  at 
the  fame  time  to  make  no  refinance  to  the  wind. 
This  piece  of  cane  is  fixed  into  the  tube,  and  a 
fmall  wire  proceeding  from  it  goes  through  the 
tube,  and  communicates  with  the  ftrong  wire  A 
G,  which  is  thrufl:  into  a  piece  of  cork,  faftened 
to  the  end  A  'of  the  tube.     The  end  G  of  the 
wire  A  G  is  formed  into  a  ring,  from  which  a 
fenfible  pith  ball  eledtrometer  is  to  befufpended. 
This  inftrument  is  fadencd  to  the  fide  of  a  window 
frame,   where   it  is  fupported  by   flrong   brafs 
hooks  at  C  B  ;  which  part  of  the  tube  is  covered 
with  a  filk  lace,  in  order  to  adapt  it  better  to  the 
hooks.     The  part  F  L  is  out  of  the  windovv,  with 
the  end  F  elevated  a  little  above  the  horizon. 
The  remaining   part   of  the  indrument  comes 
through  a  hole  in  one  of  the  lights  in  the  fsiCn, 
within  the  room,   and  no  more  of  it  touches  the 
fide  of  the  window  than  the  part  C  B,     ¥/hen  it 
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trains,  efpecially  in  paffing  fhowers,  this  inflfu-. 
menr  is  foquently  eiedrified  ;  and  by  the  diver^ 
gence  of  the  eleQ.rometer,  the  quantity  and 
quality  of  the  rain  may  be  obferved  without  any 
danger  of  a  miftake.  With  this  inft  rumen t,  in 
rainy  weather,  Mr,  Cavallo  has  been  able  to 
charge  a  fmall  coated  phial  at  the  wire  A  G.  It 
ihould  be  iixed  in  fuch  a  manner,  that  it  may  be 
caiily  taken  off  from  the  window,  and  replaced 
^gain,  as  occafion  requires  ;  as  it  will  be  necef« 
fary  to  clean  it  often,  particularly  when  a  fliower 
pf  jraiin  b  approaching^ 


Pescription  of  a  small  portable  Atmo- 
spherical Electrometer,  invented  ^y 
Mr.  CayallOc 

The  principal  part  of  this  inflrument  is  a  glafs 
tube  C  D  M  N,  cemented  at  the  bottom  into 
the  brafs  piece  A  B,  by  which  part  the  inflru- 
ment is  to  be  held  when  ufed  for  the  atmofpherc ; 
and  it  alfo  ferves  to  fcrew  the  inflrument  into  it*s 
brafs  cafe  ABO,  fig.  76.  The  upper  part  of  the 
tube  C  D  M  N  is  fliaped  tapering  to  a  fmall 
extremity,  which  is  intirely  covered  with  fealing- 
wax  ;  into  this  tapering  part  a  fmall  tube  is 
cemented ;  the  lower  extremity,  being  alfo  covered 
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with  fealing-wax,  pro] eels  a  fmall  way  within  the 
tube  CDMN  ;  into  this  fmallcr  tube  wire  is  ce- 
mented, which,  with  it's  under  extremity,  touches 
the  flat  piece  of  ivory  H,  faftened  to  the  tube  by 
means  of  a  cork  ;  the  upper  extremity  of  the  wire 
projedts  about  a  quarter  of  an  inch  above  the  tube, 
and  fcrews  into  the  brafs  cap  E  F,  which  cap  is 
open  at  the  bottom,  and  ferves  to  defend  the 
waxed  part  of  the  inftrument  from  the  rain, 
&c. 

I  M  and  K  N  are  two  narrow  flips  of  tin-foil, 
:ftruck  to  the  infide  of  the  glafs  CDMN,  and 
communicating  with  the  brafs  bottom  A  B. 
They  ferve  to  convey  that  elecftricity,  which, 
when  the  balls  touch  the  glafs,  is  communicated 
to  it,  and,  being  accumulated,  might  dillurb  the 
free  motion  of  the  balls. 

To  ufe  this  inftrument  for  artificial  eledlricity, 
eledlrify  the  brafs  cap  by  an  eleclrified  fubftance, 
and  the  divergence  or  convergence  of  the  balls 
of  the  eledlroraeter,  at  the  approach  of  an  excitecJ 
elecftric,  will  Ihew  the  quality  of  the  eledlricity. 
The  bed  manner  to  electrify  this  inftrument  is, 
to  bring  excited  wax  fo  near  the  cap  that  one  or 
both  of  the  corks  may  touch  the  fide  of  the  bottle 
GDMN,  after  which  they  will  foon  coUapfe  and 
appear  uneleftrified.     If  now  the  wax  is  removed, 

they 
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they  will  again  diverge,    and  remain  eledrified 
poiitively. 

When  this  eleclrometer  is  to  be  ufed  to  try 
the  electricity  of  the  fogs,  air,  clouds,  &c.  the 
obferver  is  to  do  nothing  more  than  to  unfcrew 
it  from  it's  cafe,  and  hold  it  by  the  bottom  A  B 
to  prefent  it  to  the  air  a  little  above  his  head, 
fo  that  he  may  conveniently  fee  the  balls  P,  which 
will  immediately  diverge  if  there  is  any  ele^lri- 
city ;  i.  e.  whether  pofitive  or  negative  may  be 
afcertained,  by  bringing  an  excited  piece  of 
fealing-wax  or  other  eledlric  towards  the  brafs 
cap  E  F. 

(jeneral  Laws  deduced    from   the  Experi- 
ments    PERFORMED    WITH    THE    ElECTRICAL 

Kites. 

1.  The  air  appears  to  be  eleBrified  at  all 
tim.es.  It's  eledricity  is  conflantly  pofitive,  and 
much  Wronger  in  frofly  than  in  warm  weather ; 
but  it  is  by  no  means  lefs  in  the  night  than  in 
the  day  time.  % 

2.  The  prefence  of  the  clouds  generally  lelTens 
the  eledriclty  of  the  kite:  fometimes  it  has  no 
efFe8:  upon  it,  and  it  very  feldom  increafes  it. 

3.  When  it  rains,  the  eledricity  of  the  kite  is 
generally  negative,  and  feldom  pofitive. 
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4.  The  Aurora  Borealis  feems  not  to  aifedt 
the  eleClricityofthekite. 

5.  The  eledrical  fpark  taken  from  the  firing 
of  the  kite,  or  from  any  infulated  condudor 
connected  with  it,  efpecially  when  it  does  not 
rain,  is  feldom  longer  than  a  quarter  of  an  inch, 
but  it  is  exceedingly  pungent.  When  the  index 
of  the  electrometer  is  not  higher  than  20"*,  the 
perfon  who  takes  the  fpark  will  feel  the  effedls  of 
it  in  his  legs ;  it  appears  more  like  the  difcharge 
of  an  elecflricjar,  than  the  fpark  taken  from  the 
prime  condudor  of  an  elcQrical  machine. 

6.  The  eledlricity  of  the  kite  is  in  general 
Wronger  or  weaker,  according  as  the  firing  is 
longer  or  fhorter ;  but  it  does  not  keep  any  exadt 
proportion  to  it.  For  inilance ;  the  eleQricity 
brought  down  by  a  firing  of  an  hundred  yards 
may  raife  the  index  of  the  elcdlrometer  to  20% 
when  with  double  that  length  of  firing  the  index: 
of  the  eledrometer  will  not  go  higher  than  25^ 

7.  When  the  weather  is  damp,  and  the  elec- 
tricity is  pretty  flrong,  the  index  of  the  eledro- 
meter,  after  taking  a  fpark  from  the  firing,  pr 
prefenting  the  knob  of  a  coated  phial  to  it,  rifes 
furprifmgly  quick  to  it's  ufual  place,  but  in  dry 
or  warm  weather  it  rifes  exceedingly  (low. 

It  appears,  from  the  obfervations  which  have 
htcn  made  on  the  eledricity  of  the  atmofphcre, 

that 
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that  nature  makes  great  ufe  of  this  fluid  iii  -pm^ 
mating  vegetation. 

1.  In  the  fpring,  "when  plants  begin  togrow^^ 
then  temporary  ele8rical  clouds  begin  to  appear, 
and  pour  forth  eled:ric  rain.  The  eleclricity  of 
the  clouds  and  of  the  rain  continues  to  increafe,- 
till  that  part  of  the  autumn  in  which  the  laft  fruits 
are  gathered. 

2.  It  is  this  fluid  which  fupplies  common 
fire  with  that  moifture,  by  the  help  of  which  it 
actuates  and  animates  vegetation :  it  is  the  agent 
that  coUedls  the  vapours,  forms  the  clouds,  and 
is  then  employed  to  diforder  and  diflipate  them 
in  rain. 

3.  From  the  fame  principle  may  be  explained 
the  proverb,   that  No  zvaterhtg  gives  the  country  fo 

fmiling  a  look  as  rain*  The  clouds  of  rain,  by 
extending  their  eledlric  atmofphere  to  the  plants-^ 
difpofe  the  pores  of  the  latter  to  receive  with 
greater  facility  the  water  which  is  impregnated 
with  this  penetrating  and  dilating  fluid,  Befides, 
it  is  natural  to  fuppofe,  that  the  pofltive  electri- 
city, which  continually  prevails  in  ferene  weather^, 
will  contribute  to  promote  vegetation,  fince  this 
has  been  found  to  be  the  effed  of  even  artificial 
eledricity. 
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Of    the    Imperfections    of    Meteorology, 
so    LONG     AS  Barometrical,    Thermome- 

TRICALi  AND  HyGROMETRICAL  OBSERVA- 
TIONS     ARE     NOT     ACCOMPANIED     WITH      THE 

REGULAR  Observation  of  the  Electri- 
city of  THE  Atmosphere,  of  the  Electri- 
city OF  Rain,  Snow,  Mists,  and  aqueous 
Meteors  in  general.  By  Mr.  Achard^ 

As  it  is  now  clearly  afcertained,  that  eledri- 
city  is  a  caufe  of  various  meteorological  phaeno- 
inena,  ic  is  rather  furprifing  that  philofophers 
have  not  perceived  the  abfolute  neceflity  of 
joining  [an  inftrument,  by  which  obfervations 
may  be  made  on  the  eledlricity  of  the  atmofpherCj 
to  thofe  which  indicate  it's  weight,  heat,  and 
humidity. 

Without  confidering  in  this  plade  the  different 
proofs  of  the  influence  of  eledricity  on  meteors^ 
it  will  be  fufficient  to  remark,  that  we  cannot 
attain  to  an  adequate  knowledge  of  any  phseno- 
mena,  occalioned  by  the  concurrence  of  various 
caufes,  without  being  acquainted  with  them 
all ;  for  if  any  one  is  negledled,  it  will  be  abfo- 
lutely  impoiTible  thoroughly  to  explain  the 
phaenomena.   If  eleQricity  is  not  the  fole  caufe 
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of  feveral  meteorological  appearances,  it  is 
undoubtedly  concerned  more  or  lefs  in  their 
formation;  fo  that  by  negleAing  to  obferve  it, 
as  well  as  the  barometer,  &c.  we  lofe  the  fruits 
of  other,  even  very  exad,  meteorological  ob- 
fervations. 

The  influence  of  eledricity  on  vegetation  is 
proved  by  a  fet  of  obfervations  made  by  different 
philofophers ;  but  it  evidently  appears,  that  the 
botanical  meteorological  obfervations  alone  will 
never  be  fo  ufeful  as  might  be  expeded,  till  we 
unite  thofe  made  by  an  inftrument  which  will 
indicate  the  electric  flate  of  the  atmofphere,  to 
thofe  made  with  other  inilruments.  It  is  owing 
to  this  caufe,  perhaps,  that  it  is  impoflible  to 
draw  any  concluHon  from  the  botanical  meteoro- 
logical obfervations  of  MefTrs.  Gautier  and 
Duhamel,  which  were  continued  from  1751  to 
1769. 

Mr.  Achard  has  had  an  opportunity  of  making 
a  few  obfervations,  but  they  were  fufficient  to 
convince  him  of  the  intimate  connection  that 
fubiifts  between  the  formation  of  the  moft  part  of 
meteors,  and  atmofpherical  electricity. 

'  To  difcover  if  the  atmofphere  was  eleSricaJ, 
he  made  ufe  of  a  pair  of  light  pith  balls  which 
were  attached  to  a  refmous  rod.  This  elecT:ro- 
meter,  from  it's  fimplicity,  is  almoft  preferable 

to 
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to  any  other  for  merely  difcovering  that  eledlri- 
city  exifts  in  the  atmofphere. 

During  the  month  of  July,  1778,  Mr.  Achard 
obferved  daily  the  elecflricity  of  the  atmofphere 
in  the  morning,  at  noon,  and  in  the  evening, 
with  a  pair  of  fmall  pith  balls,  which  were  placed 
above  the  roof  of  the  houfe,  above  40  feet  high, 
and  fufficiently  diflanc  from  buildings,  trees, 
&c.  During  the  whole  time  there  were  only  10 
days  which  gave  no  figns  of  electricity  5  1 7  days, 
including  the  foregoing  i  o,  in  which  he  could 
obferve  no  eleftricity  in  the  morning,  though  it 
became  very  fenlible  at  noon,  and  was  very 
much  increafed  towards  the  fetting  of  the  fun. 
Every  other  day  he  found  the  air  eledlrical  during 
the  whole  day,  but  always  ftrongeft  a  little  be- 
fore fun-fet,  a  fhort  time  after  which  it  began 
again  to  diminifh. 

If  in  ferene  weather  the  fky  became  fuddenly 
cloudy,  the  eledrometer  indicated  continual 
changes  in  the  ele^lricity  of  the  atmofphere; 
fometimes  increafing,  then  difappearing,  then 
re-appearing;  in  which  cafe  it  had  generally 
changed  from  poiitive  to  negative,  or  vice  verfa. 
In  windy  weather  he  found  it  difficult  to  obferve 
with  the  electrometer,  on  account  of  the  con-- 
tinual  motion  of  the  balls.  It  feemed  to  vary 
confiderably  when  the  air  was  heavy,  but  not 
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windy.  When  the  weather  was  very  calm,  and 
the  fky  without  clouds,  the  eledrorneter  did  not 
alter  in  the  lead,  except  towards  fun-fet,  whea 
it  iilcreafed  in  a  fmall  degree. 

It  is  remarkable,  that  in  thofe  days  in  which 
he  obferved  no  eledtricity  in  the  air,  there  was 
no  dew  at  night ;  while  on  the  other  nights,  it 
fell  in  greater  or  lefs  quantities.  He  does  not 
think  thofe  obfervations  arc  fufficient  to  deter-, 
mine,  that  the  dew  is  occafioned  by  eledlricity, 
but  it  may,  he  thinks,  be  fairly  inferred,  that 
the  elevation  and  fall  of  the  dew  is  obftrudted  or 
promoted  by  the  ele6lricity  of  the  air.  It  is 
eafy  to  point  out  in  what  manner  eledricity  may 
produce  the  effect.  Let  us  fuppofe  the  air  to 
be  either  pofitively  or  negatively  eledlrified,  but 
the  furface  of  the  dobe  where  we  are  not  to  be 
fo ;  the  aqueous  and  volatile  parts  of  the  vegeta- 
bles exhaled  by  the  rays  of  the  fun,  and  fufp ended 
in  the  air,  will  become  eledric  by  communica- 
tion. The  air  cooling  by  the  abfence  of  the 
folar  heat,  will  not,  after  the  fetting  of  the  fun, 
retain  the  aqueous  particles  with  the  fame  force ; 
and  thefe  being  attrafted  by  the  non-eledric 
bodies  which  are  on  the  furface  of  the  earth, 
their  fuperficies  will  be  covered  with  dew.  Again, 
let  us  fuppofe  that  the  furface  of  the  earth  is 
eledrical,  but  that  the  air  is  not  eleftrical^  and 
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the  efFe^  will  be  limilar  to  the  preceding  cafe. 
If  the  air  and  the  earth  are  both  electrified,  but 
with  contrary  powers,  the  attraction  will  be 
llronger  and  the  dew  more  abundant ;  but  no  dew 
will  fall  if  they  are  both  poirelfed  of  the  fame 
power,  and  in  the  lame  degree.  It  is  known, 
that  the  dew  does  not  fall  with  the  fame  facility 
upon  all  bodies,  and  that  eleclric  bodies  are 
thofe  on  which  it  falls  with  the  greateft  abun- 
dance. This  fa6l  admits  of  an  eafy  explanation, 
if  we  fuppofe  eledlricity  to  be  the  caufe  of  the 
dew ;  for  the  electric  bodies  do  not  readily  re^ 
eeive  eledlricity  from  the  medium  which  fur- 
rounds  them  5  there  is,  therefore,  always  a 
greater  difference  between  the  eledricity  of  the 
air  and  that  of  the  eledlrics  which  are  placed  in 
it,  than  between  the  elec1:ricity  of  the  air  and 
the  conducing  bodies  which  it  envelopes.  Now 
it  is  in  the  ratio  of  this  difference  that  the 
power  of  eleclric  attradlion  acfls,  and  confe- 
quently  thefe  bodies  ought  to  be  covered  more 
abundantly  with  dew. 

As  electricity  is  often,  if  not  always,  the  caufe 
©f  dew,  no  one  will  doubt  the  neceffity  of  attend- 
ing to  it  in  the  botanical  meteorology,  as  every 
(one  is  acquainted  with  the  influence  of  dew  on 
f  be  growth  of  vegetables^ 

In 
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In  the  Phil.  Tranf.  for  1773,  are  obferva-» 
tions  on  the  ele6lricity  of  fogs,  which  prove  that 
they  arc  generally  eledrical.  Mr.  Achard  has 
made  feveral  obfervations,  the  refuits  of  which 
correfpond  entirely  with  thofe,  for  he  conftantly 
found  that  the  air  was  more  or  lefs  ele&ified 
by  a  fog.  Twice  he  obferved,  that  id  the  fpace 
of  a  few  minutes  the  fog  ceafed  altogether,  and 
fell  in  form  of  a  fine  rain ;  and  though  it  was 
very  thick,  difappeared  in  about  feven  minutes. 
It  is  alfo  very  probable  that  rain  is  occaiioned 
by  eledlricity  ;  and  of  this  we  fhall  be  convinced, 
if  we  conlider  the  attradions  and  repuliions  that 
.the  terreflrial  or  atmofpheric  elc6lricity  muft 
occafion,  as  well  between  the  furface  of  the  globe 
3nd  the  vapours  contained  in  the  air,  as  between 
the  particles  of  vapour  which  always  neceflarily 
tend  to  difperfe  or  unite  the  aqueous  particles 
which  fwim  in  the  atmofphcre,  and  to  bring 
them  nearer,  or  carry  them  farther  from  the 
•earth. 

Having  proved  the  jieceffity  of  combining 
obfervations  on  the  elecftricity  of  the  atmofphere 
with  other  meteorological  obfervations,  Mr* 
Achard  proceeds  to  defcribe  the  properties  re-, 
quiiite  in  a  good  atmofpherical  eleQ;rometer,  the 
want  of  which  accounts  for  the  negled:  and 
fbpinenefs  of  philofophers  on  this  fubjedl. 

Necessary 
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Necessary  Requisites  in  an  atmospherical. 
Electrometer. 

T.  It  Ihould  be  eafy  in  it*s  ufe. 

2.  It  ihould  not  only  indicate  that  the  air  is 
eleftrical,  but  in  what  degree. 

3.  It  is  necefiary  that  we  may  learn  whether 
it  is  politive  or  negative. 

4.  That  the  obferver  Ihould  be  in  no  danger 
in  ftormy  weather. 

5.  That  it  be  portable. 

The  number  of  difficulties  which  oppole  the 

conilrucftion  of  an  infirument  which  will  unite 

all  thefe  advantages,  is  very  confiderable.    The 

greateft  is  to  infulatc  the  metal  which  receives 

the  eledlricity  from  the  air,  fo  that  rain  may 

not  eftablifh  a  communication  between  it  and 

the  earth,  and  that  the  infulation  is  fufficiently 

perfect  to  prevent  too  quick  a  diflipation  of  the 

eledricity  received  by  the  metal.     Mr.  Achard 

does  not  pretend  that  he  has  furmounted  all 

thefe  difficulties,  but  after  feveral  trials  he  has 

contrived   an    inftrument  fufficiently   portable^ 

^fy  to  obferve  with,  and  that  without  danger* 
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Description  of  tks  fortabxe  ATMOsPHMi-i 
CAL  Electrometer,  contrived  for  the 
Purposes  already  mentioned.^ 

This  inflrument  is  compof^d  of  a  hollow  and 
truncated  cone  of  tin,  whofe  upper  end  is  open^ 
and  which  is  clofed  at  bottom  by  a  plate  of  the 
fame  metal.  This  plate  is  covered,  in  the  in- 
fide  of  the  cone,  with  a  layer  of  rofin  two  inches 
thick :  to  the  lower  furface  of  this  layer  of  rolin 
a  tube  of  tin  is  cemented,  which,  when  it  is 
placed  on  a  wooden  pedeftal,  fupports  the  cone 
in  fuch  a  manner,  that  the  great  bafe  is  horizontal^ 
and  turned  downwards ;  the  rofin  infulates  the 
cone  perfedlly,  and,  when  the  latter  becomes 
eledric,  prevents  the  lofs  of  it's  cledtricity  by 
tranfmiflion.  The  cone  mufl  be  high  enpugh, 
and  it's  inferior  bafe  mufl  exceed  far  enough  in 
diameter,  it's  fuperior  extremity,  to  prevent  the 
rain,  even  though  it  Ihould  fall  in  an  oblique 
direction,  from  wetting,  either  in  it's  fall,  or  by 
rebounding  from  the  pedeftal,  the  lower  furface 
of  the  roiih-layer,  with  which  the  bottom  of  the 
truncated  cone  is  internally  covered  :  otherwife 
the  cone  would  ceafe  to  be  infulated,  and  the 
eledrometer  would  be  changed  into  a  condudon 
4  On 
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On  the  truncated  part  of  the  cone  Mr.  Achard 
faftens  a  fquare  iron  branch,  on  which  he  places 
a  thermometer  and  two  elodlrometers ;  the  one 
very  Hght,  and  thus  capable  of  being  fct  in  mo- 
tion by  fmall  degrees  of  elecliricity  ;  the  other 
heavier,  and  which,  confequendy,  only  rifes 
when  the  eledlricity  becomes  too  ftrong  to  be 
meafured  by  the  light  eledlrometer.  Beiides 
thefe  two  eledrrometers,  Mr.  Achard  tied  to  the 
iron  bar  a  thread,  which  indicates,  by  it's  rifing, 
the  fmalleft  degrees  of  electricity:  the  whole  is 
inclofed  in  a  receiver  of  glafs,  open  above  and 
below ;  the  bafe  of  this  receiver  is  alfo  infulated 
with  rofin,  that  it  may  not  derive  any  cledlricity 
from  the  tin  cone  5  the  remaining  fpace  of  the 
upper  part  of  the  receiver,  between  the  bar  of 
metal,  which  p'afTes  through  ic,  and  the  glafs, 
is  hkewife  filled  with  rolin,  to  prevent  the  com- 
munication of  electricity  to  the  receiver ;  to  pre- 
ferve  this  rofin  from  rain,  which,  by  moiflening 
it,  would  form  a  communication  betv/een  the 
receiver  and  the  bar,  it  is  covered  over  with  a 
glafs  funnel,  through  which  -the  bar  paiTes,  and 
which  hinders  the  rain  from  falling  on  the  rofin. . 
This  receiver  is  alfo  indifpenfabiy  neceffary  to 
prevent  the  ac1:ion  of  the  wind  upon  the  elec- 
trometers, which  would  render  the  accurate 
©bfervation  of  them  impoflible.  At  the  end  df 
V  L 1  t;he 
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the  metal  bar,  which  palTes  through  the  receiver, 
hollow  tin  pipes  may  be  placed,  of  a  fmall  dia- 
meter, to  render  them  as  light  as  poffible,  and 
they  may  be  raifed  to  the  height  of  lo,  20, 
or  30  feet.  The  upper  end  of  the  pipe  terminates 
in  an  iron  point,  extremely  fiiarp  and  well  gilt ; 
the  gilding  is  necelTary  to  hinder  the  point, 
which  mufi:  be  always  even  and  fmooth,  from 
contracting  rufl".  With  refpedl  to  the  elevation 
that  it  m.ay  be  proper  to  give  to  the  tin-pipe, 
this  muft  vary  with  the  height  of  the  buildings 
or  trees  in  the  different  places  where  obfervations 
are  made ;  for  the  height  of  the  pipe  muft  al- 
ways exceed,  at  leaft  by  fix  feet,  the  elevation 
of  all  the  bodies  that  are  near  it.  Mr.  Achard 
joins  a  therm.ometer  to  this  machine,  which  may- 
be obferved  at  the  fame  time,  and  be  the  means, 
perhaps,  of  difcovering  the  relations,  if  any  there 
be,  between  electricity  and  the  temperature  of 
the  air.  A  barometer  and  hygrometer  may, 
with  facility,  be  added  to  this  inftrument  for  the 
fame  purpofe. 

In  order  to  know  whether  the  eledlricity  of 
the  air  be  pofitive  or  negative,  Mr.  Achard 
fufpends  a  ball  of  cork,  by  a  linen  thread,  on 
the  wire  which  communicates  with  the  iron  bar, 
and  which  paiTes  through  the  rofin,  with  which 
the  bafe  of  the  truncated  cone  is  covered.  The 
5  wire 
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wire  muft  be  of  fuch  a  length,  that  bodies 
pofitively  or  negatively  eledrified  may  be  com- 
modioufly  brought  near  the  cork-ball,  which 
is  fulpended  on  it ;  and  it  is  according  as  thefe 
bodies  attrad  or  repel  the  ball,  that  the  obfer- 
ver  learns  whether  the  eledricity,  which  the  in- 
ftrument  has  received  from  the  air,  be  politive 
or  negative. 

That  the  obferver  may  be  in  no  danger  from 
fudden  accumulations  of  electricity,  which  fome- 
times  happen,  Mr.  Achard  fallens  to  the  bafe 
of  the  pedeftal  an  iron  bar,  which  not  only 
communicates  with,  but  even  enters  into,  the 
ground,  feveral  feet  deep.  This  bar,  whofe 
upper  part  terminates  in  a  round  knob  or  ball, 
muft  be  only  at  the  diftance  of  an  inch  from  the 
cone.  When  the  eledrical  fluid  is  fo  accumu- 
lated that  the  inftrument  can  no  longer  contain 
it,  it  will  difcharge  itfelf  agajnfl"  this  metal  bar, 
which  Will  conduct  it  under  ground.  The  fame 
thing  would  happen,  if  the  lightning  fell  upon 
the  inflrument,  and  the  obferver  would  be  in  no 
fort  of  danger,  even  at  the  diftance  of  a  few  feet. 
When  the  inftrument  is  placed  in  a  garden,  this 
method  of  forming  a  communication  with  the 
ground  is  fubjed:  to  no  inconveniency ;  but  if  it 
fhould  be  judged  proper  to  employ  the  inftru- 
ment in  a  houfe,  (which  may  be  done  by  making 
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the  tin  pipe  pafs  through  a  hole  in  the  roof,  and 
placing  the  inftrumeat  in  a  garret)  the  manner 
above-mentioned  of  forming  it's  communication 
with  the  earth  would  not  be  fo  eaiily  e^^ecuted : 
in  this  cafe,  the  communication  mufb  be  effefted 
by  means  of  a  bar  of  metal  defcending  from  the 
garret  to  a  depth  of  fome  feet  under  ground  ; 
and  for  greater  fecurity  againft  the  too  great 
proximity  of  a  thunder-ftorm,  it  would  be  pro- 
per to  place  the  metallic  bar  in  contad  with  the 
cone  of  tin  :  thus  the  inftrument  would  become 
a  real  conductor,  which,  inftead  of  expoiing 
the  houfe  to  danger,  would,  on  the  contrary, 
prefervc  it  from  all  the  accidents  that  are  occa- 
Honed  by  lightning. 

When  the  inlfrument  is  placeci  in  a  garret, 
or  on  the  platform  of  a  houfe,  no  inconvenience 
is  to  be  apprehended  from  afcending  dews  ;   but 
W'hen  it  is  placed  in  a  garden,  the  dew  adhere^ 
to  the  rolin  which  covers  the  truncated  bafe  of 
the  cone,  and  forming  thus  a  communication 
between  the  cone  and  the  earth,  makes  the  in- 
flrument  lofe  the  eleclricity  with  which  it  may 
have  been  charged.     To  prevent  this  accident, 
it  is  necefTary  to  pave  the  ground  on  which  the 
inftrument  is  placed,  and  that  in  fuch  a  man- 
ner,  that  the  pavement  may  extend  itfelf  on  all 
fides,  at  leaft  two  or  three  feet  beyond  the  cir- 
cumference 
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cumference  of  the  lower  baCc  of  the  cone :  the 
rifing  of  the  dew,  which  by  adhering  to  the  roiin 
might  damage  the  inftrument,  will  be  thus 
effedually  prevented. 

When  the  air  is  eledlrical,  it  mufl  necefiaril/ 
communicate  it's  eiedlricity  to  the  vapours  which 
it  contains.     This  is  evident  from  the  formation 
of  lightning,  which  is  not  produced  by  the  dif- 
charge  of  the  electrical  matter  of  the  air,  but  by 
that  of  the  vapours  which    float  in  the   atmo- 
fphere.     Hence  it  follows,   that  rain,  fnow,  hail, 
mift,  and  dew,  muft  be  very  often  eleclric.     As 
it  appears  to  Mr.  Achard  a  matter  of  great  con- 
feqaence  to  know  and  obferve  exadlly  the  elec- 
tricity of  thofe  meteors,   he  has  conflructed   a 
machine  that  is  adapted  to  difcover  both  it's  na- 
ture and  degree.     This  machine  is  compofed  of 
a  truncated  tin  cone,  clofed  at  the  top,  open  at 
bottom,  and  infulated  upon  a  pedefbal,  like  that 
of  the   machine  employed  to  meafure  the  elec- 
tricity of  the  air.     In  the  center  of  the  upper 
truncated  part  of  the  cone,   Mr.  Achard  fixes 
an  iron  bar  terminated  by  a  ball ;  he  covers  the 
whole  with   an   infulated    glafs  receiver,    high 
enough  to  have  it's  fummit  at  the  diftance  of 
three  inches  from  the  ball  which  terminates  the 
iron  bar,  to  which   he  faftens  a  very  sensible 
eleclrometer,  and  alfo  a  linen  thread  to  difcover 

the 
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the  fmalleil  degrees  of  elediricity.     As  this  in- 
llrument  is  but  little  elevated,  and  has  no  pointed 
extrenLiitf,  it  is  not  eaiily  charged  with  the  elec- 
tricity of  the   air,    which  at  fuch  a  degree  of 
proximity  to  the  earth  is  always  imperceptible  ; 
but  rain,  fnow,  hail,  mifl:,  and  dew,  if  they  are 
.eleClricai,  will  render  it  ah^b  electrical  by  failing 
upon  the  cone ;  the  degree  of  electricity  is  afcer- 
tained  by  the  eleclrometer,  which  is  under  the 
receiver;  and  in  order  to  know  whether  it  be  po- 
fitive  or  negative,  the  obferver  has  only  to  employ 
the  method  indicated  above,  m  our  account  of 
the  inftrument  ufed  to  meafure  the  eledricity  of 
the  air.     Befides  the  ufc  of  this  iniirument  in 
difcovcring  the  electricity  of  aqueous  meteors, 
it   may  11: ill   ferve  farther  purpofes :   it  may  be 
highly  ufeful  to  compare  it  with  the  atmofphe- 
rical  eledirometer,  in  order  to  difcern   the  true 
principle   of  the    electricity   with  which    it   i^ 
charged,  and  to  fee  v/hether  it  proceeds  imme- 
diately from  the  air,  or  from  the  heterogeneous 
bodies  that  are  fufpended  in' the  atmofphere  ; 
for  the  atmofpherical  eledlrometer  may  alfo  be- 
come eleclrical  by  rain,    fnow,    hail,  or  mifl: ; 
and  the  comparing  thefe  two  inflruments  is   the 
only   method   that  occurs  to   Mr.  Achard  by 
which  we  can  know,  whether  it  receives  it's  elec- 
tricity diredly  from  the  air,  or  by  the  interven- 
tion 
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tion  of  bodies  (indued  with  a  conducting  pow- 
er) which  are  diiiufed  in  it.  If,  during  rain, 
hail,  fnow,  or  mid,  the  atmofpherical  eledlro- 
meter  is  electrical,  while  that  which  indi- 
cates the  electricity  of  aqueous  meteors  is  not 
so,  we  may  conclude,  with  certainty,  that  the 
cledricity  of  the  former  proceeds  only  from  the 
air;  if,  on  the  contrary,  they  are  both  eleclri- 
cal,  it  mud  then  be  inquired,  whether  they  be 
fo  in  the  fime  degree;  if  this  be  the  cafe,  it 
is  only  to  the  rain  or  fnow,  &c.  that  the  elec- 
tricity mud  be  attributed.  I  need  not  obferve, 
(concludes  Mr.  Achard)  that  when  there  is 
neither  rain,  fnow,  hail,  or  mid,  the  atmo- 
fpherical eledtrometer  will  always  indicate  the 
eledlricity  of  the  air. 


CHAP. 
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CHAP.     XIII, 

On     the    Diffusion    and   Subdivisions    Of 
Fluids  3Y  ELECTRiciTy^ 

WE  are  chiefly  indebted  to  the  Abbe  Nol- 
let  for  what  is  known  on  the  fubjedl 
of  this  chapter,  which  was  inveftigated  by  him 
with  incredible  induftry  and  patience.  I  have 
only  fubjoined  the  principal  refult  of  his  experi- 
ments, and  muft  refer  the  reader,  for  a  more 
ample  account,  to  the  Abbe's  own  writings, 
or  Dr.  Prieftley's  Hiftory  of  Ele61ricity. 

Elecfhricity  augments  the  natural  evaporation 
of  fluids  ;  flnce,  excepting  mercury  and  oil,  all 
the  others  which  were  tried  fufFered  a  diminution 
that  could  not  be  afcribed'to  any  other  caufe 
than  eledricity. 

It  increafes  the  evaporation  of  thofe  fluids 
mofl,  which  naturally  tend  to  evaporate  readily. 
Volatile  fpirits  of  fai-ammoniac  loft  more 
than  fpirits  of  wine,  this  more  than  water,   &c. 

Eledricity  ac1:s  fbrongeft  upon  the  fluids,  when 
the  veflels  which  contain  them  are  non-eiedlirics. 
The  evaporation  was  greateft  in  the  moft  open 
veflels,  but  did  not  increafe  in  proportion    to 

their 
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their  apertures.  It  does  not  make  any  liquor 
evaporate  through  the  pores  either  of  metal  or 
glafs. 

To  extend  thefe  principles  further,,  the  Abbe 
made  a  great  variety  of  experiments  on  elec- 
trified capillary  tubes,  and  found,  that  the  ftream 
would  be  fub-divided,  but  it  is  not  fenfibly 
accelerated,  if  the  tube  is  not  lefs  then  one  tenth 
of  an  inch  diameter  in  the  infide. 

Under  this  diameter,  if  the  tube  is  wide 
enough  to  let  the  fluid  run  in  a  ftream,  ele6tricity 
will  accelerate  it's  motion  in  a  fmall  degree. 

If  the  tube  is  fo  far  capillary  that  the  water 
only  iffues  from  it  in  drops,  the  eledrified  jet 
becomes  a  continued  ftream ;  it  will  even  be 
divided  into  feveral  fmaller  ones,  and  it's  motion 
is  confiderably  accelerated ;  the  fmaller  the 
diameter  of  the  tube,  the  greater  is  the  accele- 
ration. When  the  furface  is  wider  than  one 
tenth  of  an  inch,  electricity  feems  rather  to 
retard  the  motion  of  the  fluid. 

From  fomic  very  accurate  experiments  made 
by  Mr.  de  SaulTure  with  his  new  hygrometer, 
it  appears,  that  the  foregoing  theory,  which 
allerts  that  eledtricity  always  promotes  evapora-> 
tion,  is  only  true  under  certain  reftridions.  It 
increafes  the  evaporation  from  thofe  bodies 
which  are  fuperfaturated,   but  does  not  occaiion 

Mm  any 
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any  evaporation  in  thofe  which  do  not  contain 
a  fuperabounding  quantity  of  water. 

Experiment  cLXXXviii. — Fig.  77  reprefents 
a  metal  phial,  to  which  a  capillary  tube  is  adapt- 
ed, which  will  only  permit  water  to  pafs  through 
it  in  interrupted  drops.  Fill  the  pail  with  water, 
and  fufpend  it  from  the  prime  condudlor,  then 
turn  the  cylinder,  and  the  water  will  pafs  through 
the  tube  in  a  continued  ftream ;  this  will  feparatc 
into  other  ftreams,  that  will  appear  luminous 
in  the  dark. 

Experiment  clxxxix.— Sufpend  one  pail  from 
a  pofitive  condudlor,  and  another  from  a  negative 
one,  fo  that  the  end  of  the  tubes  may  be  about 
three  or  four  inches  from  each  other,  and  the 
llream  proceeding  from  one  will  be  attracted  by 
that  which  ifTues  from  the  other,  and  form  one 
liream,  which  will  be  luminous  in  the  dark. 

If  the  pails  are  fufpended  on  two  pofitive,  or 
two  negative  condudlors,  the  flreams  will  recede 
from  each  other. 

Experiment  cxc. — Place  a  metal  bafon  on 

an  infulating  ftand,  and  connect  it  with  the  prime 

conductor ;  then  pour  a  fmall  flream  of  water 

into  the  bafon^   which  in  the  dark  will  have  a 

5  beautiful 
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beautiful  appearance,    as  the    ftream    will  be 
divided  into  a  great  number  of  lucid  drops. 

Experiment  cxci.- — ^Dip  a  fponge  in  water, 
and  then  fufpend  it  from  the  condudor :  the 
water,  which  before  only  dropped  from  it,  will 
now  fall  fail,  and  appear  in  the  dark  like  fiery 
rain. 

Experiment  cxcii.— Hold  a  pail,  which  is 
furnifhed  with  feveral  capillary  tubes  placed 
in  various  diredlions,  near  an  eiedlrified  conduc- 
tor, and  the  water  will  flream  out  of  thofe  jets 
near  the  condudlor,  while  it  will  only  drop  at 
intervals  from  thofe  which  are  oppoiite  to  it. 

Experiment  cxciii. — The  knob  of  a  charged 
jar  will  attract  a  drop  of  water  from  a  faucer,  &c. 
This  drop,  the  moment  the  bottle  is  removed 
from  the  faucer,  aifumes  a  conical  fhape,  and  if 
it  is  brought  near  any  conducing  fubftance,  it  is 
driven  forcibly  a\^  in  fmall  flreams,  which  are 
luminous  in  the  dark^ 

It  appears  by  this  experiment,  that  the  elec- 
tric fire  not  only  tends  to  feparate  the  particles 
of  water,  and  to  diffipate  them  into  vapour  as 
common  fire,  but  that  it  effedts  this  with  uncom- 
pion  rapidity. 

M  m  2  Experiment 
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ExPEHiMENT  cxciv. — Difcharge  a  battery- 
through  a  drop  of  water,  previouily  placed  on 
the  knob  of  one  of  it's  bottles;  the  whole  will 
be  inftantly  exploded  into  vapour;  the  fparks 
will  be  much  longer  than  common,  and  more 
compacl- 

Beccaria  obferves,  that  by  fending  a  difcharge 
to  a  greater  or  lefs  difiance,  through  one  or  more 
drops  of  quicklilver,  the  difcharge  diffufes  itfelf 
into  drops,  and  drives  them  into  vapour  ;  part  of 
it  riling  into  the  air  in  the  form  of  fmoke,  the 
other  part  remains  on  the  glafs. 

Experiment  cxcv. — A  drop  of  water  hanging 
from  the  condenfing  ball  of  an  electrified  conduc- 
tor, will  ftretch  towards  water  placed  in  a  cup 
under  it,  lengthening  and  fhortening  itfelf 
according  to  the  force  of  the  elecftricity. 

Experiment  cxcvi.— Place  a  drop  of  water 
on  the  prime  conductor,  turn  the  machine,  and 
long  zig-zag  fparks  may  be  taken  from  it ;  the 
drop  will  take  a  conical  figure  ;  the  body  that 
receives  the  fpark  will  be  wetted,  and  the 
fpark  will  be  confiderably  longer  than  can  be 
obtained  from  the  cpndudor  without  the  water.* 

Experiment 

*  NIchoIfon's  Introduftion  to  Philofophy. 
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Experiment  cxcvii.- — Stick  a  piece  of  fealing- 
wax  on  the  condudior,  in  fuch  a  manner  that  it 
may  be  ealily  iet  on  fire  by  a  taper ;  while  it  is 
flaming  turn  the  cylinder,  the  wax  will  become 
pointed  and  fhoot  out  an  aimoll  invilible  thread 
into  the  air,  to  the  length  of  a  yard  and  more. 
If  the  filaments  that  are  thrown  out  by  the  wax 
are  received  on  a  (lieet  of  paper,  the  paper  will 
be  covered  by  them  in  a  very  carious  manner, 
and  the  particles  of  the  wax  will  be  fo  far  fub- 
divided  as  to  refemble  fine  cotton.  To  fafleii 
the  piece  of  wax  conveniently  to  the  conduclor, 
ftick  it  firft  on  a  fmall  piece  of  paper,  then 
twiil  the  end  of  the  paper  fo  as  to  fit  one  of  the 
holes  which  are  made  in  the  prim.e  conductor; 
when  it  is  thus  placed,  it  may  be  readily  fired  by 
a  taper. 

Experiment  cxcviii. — Infulate  a  fountain 
made  by  condenfed  air,  and  which  emits  only 
one  ftream  ;  eledtrify  the  fountain,  and  the  flream 
will  be  feparated  into  a  great  number;  thefe 
will  diffufe  themfelves  equally  over  a  large  fpace 
of  ground.  By  laying  a  finger  upon  the  condudlor, 
and  taking  it  off  again,  the  operator  may  com- 
iBand  either  the  fmgle  fcream  or  the  divided  one, 
at  pleafure. 

Experiment 


s7 


86  A  N    E  s  s  A  Y    o 


Experiment  cxcix.— Eiedirify  two  fmail 
infulated  fountains  with  *  the  diflPerenr  ele&ic 
powers  I  the  dreams  of  both  will  be  difperfed 
into  very  minute  particles,  which  will  run 
together  at  the  top,  and  come  down  in  heavy 
drops^  Hke  a  fhower  of  rain. 


CHAP. 
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CHAP.      XIV. 

Of    the    Electric    Light    in    Vacuo. 

ExPERI  MENT    CC. 

TAKE  a  tall  dry  receiver,  and  infert  in  tlic 
top,  with  cement,  a  wire  with  a  rounded 
end,  then  exhaufl  the  receiver,  and  prefent  the 
knob  of  the  wire  to  the  condudlor,  and  every 
fpark  will  pafs  through  the  vacuum  in  a  broad 
ilream  of  light,  vifible  the  whole  length  of  the 
receiver,  moving  with  regularity,  unlefs  it  is 
folicited  and  bent  out  of  it's  way  by  fome  non- 
eledrric^  then  dividing  itfelf  into  a  variety  of  beau- 
tiful rivulets,  which  are  continually  dividing  and 
uniting  in  a  mod  pleafmg  manner.  If  the  velTei 
is  grafped  by  the  hand,  at  every  fpark  a  pulfatiom 
is  felt,  like  that  of  an  artery,  and  the  fire  bends 
itfelf  towards  the  hand.  This  pulfation  is  even 
felt  at  fome  diftance  from  the  receiver,  and  in 
the  dark,  a  light  is  {ten  between  the  hands  and 
the  glafs.  The  flreams  of  light  pafs  filently 
through  the  receiver,  becaufe  the  air  is  removed, 
by  whofe  vibration  found  is  produced. 

From  fome  experiments  made  feveral  years 
fince  by  Mr.  Wilfon,  with  an  excellent  air-pump 

of 
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of  Mr.  Smeaton,  he  obferved,  that  very  fmail 
differences  of  air  occafioned  wery  material  dif- 
ferences in  the  luminous  effects  produced  by  the 
eledlric  fluid  ;  for  when  all  the  air  was  taken  out 
of  the  receiver,  which  this  pump  at  that  time 
was  capable  of  extradting,  no  eledlric  light  was 
vifible  in  the  dark.  Upon  letting  in  a  little  air 
by  a  ftop-cock,  a  faint  eleclric  light  was  vilible, 
and  by  letting  in  a  little  more  air  increafed  the 
light,  which  again  decreafed  on  letting  in  more 
air ;  till  at  lail,  on  admitting  great  quantities, 
it  intirely  vanifhed.  By  this  experiment  it  ap- 
peared, that  a  certain  limited  quantity  of  air  was 
neceifary  to  occaiion  the  greateit  luminous  effefl. 

Experiment  cci.  —  Fig.  82  reprefents  an 
cxhaufted  receiver.  Handing  on  the  plate  of  an 
air-pump,  a  b  an  electrified  wire  difcharging  a 
ilream  h  c  oi  the  electric  fluid  on  the  plate  of 
the  air-pump.  If  the  flratum  of  air  on  the  out- 
fide  of  the  receiver  be  lelTcned  by  the  application 
of  the  finger  to  the  receiver,  and  by  this  means 
an  opportunity  be  given  to  the  fluid  on  the 
outfide  to  efcape,  the  fluid  within  will  be  impel- 
led to  that  part,  as  at  de  /.  It  has  been  inferred 
from  this  experiment,  that  no  repulfive  power 
exifl:s  between  the  particles  of  the  eledric  fluid  ; 
becaufe,    if  it  was    in  itfelf  really    elaftic,   or 

endowed 
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Endowed  with  a  repulfive  power  of  it*s  own,  it 
is  not  probable  it  could  pafs  in  an  uninterrupted 
llream,  as  at  h  c,  when  the  reliftance  was  taken 
off;  it  would  then  fpread  wider,  and  difplay  it*s 
elaflic  power. 

It  is  more  confiftent,  fays  Dr.  Watfon,  to 
fuppofe,  that  the  repuhion  of  chefe  particles^ 
which  is  feen  in  the  open  air,  is  occalloned  by 
the  refiftance  of  the  air,  and  not  bv  any  natural 
tendency  of  the  eledtricity  itfelf. 

By  confidering  the  experiments  made  with  the 
cledtric  fluid  in  vacuo,  we  attain  a  clear  idea  of 
the  refinance  the  air  continually  makes  to  it's ' 
palTage,  and  fee  that  the  divergence  of  it's  rays 
is  not  to  be  attributed  to  an  imaginary  repuliion, 
but  to  the  refillance  of  the  ambient  air,  for  the 
divergence  ceafes,  and  the  rays  unite,  when  this 
refill ance  is  removed. 

Experiment  ecu*-— Before  the  air  was 
cxhaufted  from  the  receiver,  if  the  wire  at  the 
top  of  it  was  ele8:rified,  a  diverging  brufh 
proceeded  from  it,  about  an  inch  long,  but  little 
of  the  fluid  palling  off,  and  even  that  little 
requiring  a  ftrong  impulfive  force  to  pufli  it 
forward.  On  exhaulling  the  receiver  the  follow- 
ing changes-  took  place  :  firft,  the  rays  of  the 
bruih  became  longer  ;  fecondly^  the  rays  diverg- 

N  n  ed 


290  An   Essay    on 

ed  kfs,  were  fewer  in  number,  and  the  fize  of 
the  remaining  rays  w^as  increafcd ;  thirdly,  they 
all  united  at  lad,  and  formed  a  continued  column 
of  light,  from  the  wire  to  the  plate  of  the  air- 
pump. 

From  this  experiment  k  is  clear,  that  the  air 
is  the  agent  by  which,  with  the  afliftance  of 
other  eledlrics,  we  are  able  to  communicate 
cledtricity  to  eledlrics,  as  well  as  non-ckctrics ; 
for  when  this  is  removed,  the  fluid  pervades  the 
vacuum,   and  flies  off  to  a  conliderable  diftance. 

ExPERr.MENT  cciii.- — To  dlftinguifh  with  great 
accuracy  the  changes  in  the  form  and  length 
of  the  eleclric  fpark  when  it  is  palling  through 
a  receiver,  the  air  of  which  is  more  or  lefs 
rarified ;  fix  a  ball  to  the  rod,  let  another 
proceed  from  the  plate  of  the  air-pump  ;  the 
balls  are  to  be  placed  about  one  inch  from 
each  other.  When  the  vacuum  is  good,  a 
lingle  uniform  ray,  of  a  purpk  colour,  palTes 
from  one  ball  to  the  other ;  but  in  proportion 
as  the  air  is  admitted,  the  ray  acquires  a 
quivering  motion,  which  indicates  that  a  re- 
liftance  to  it's  motion  then  begins,  and  thiis  inter- 
ruption is  followed  by  a  divifion  of  the  ray  or 
ftream ;  the  ray  now  acquires  a  more  vivid 
light ;  andj  lafily,  it  becomes  the  common  fpark, 
^  which, 
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which  is  emitted  with  greater  or  lefs  facility, 
in  proportion  to  the  power  of  the  machine,  and 
the  refiftance  of  the  air. 

Experiment  cciv. — ^Prefent  a  thin  exhaufled 
flafk,  fimilar  to  that  reprefented  at  E,  fig.  49, 
but  without  any  coating  on  the  outfide,  to  the 
condudlor,  and  the  bottle  will  be  luminous 
from  end  to  end,  and  when  taken  from  the 
conductor,  will  continue  luminous,  moving  in 
various  curvilinear  directions  for  a  coniiderable 
time,  flafhing  at  intervals  in  a  manner  which 
very  much  refembles  the  Aurora  Borealis.  The 
light  may  be  revived  by  pafling  the  flafk  through 
the  hand.  The  ftroke  of  the  fluid  againft  the 
glafs  is  very  fenfibly  heard  and  felt  in  this  expe- 
riment. 

The  flexuous  motions  of  the  elec'tric  fluid  in  an 
/cxhaufl:ed  receiver  may,  in  fome  degree,  be 
produced  at  pleafure.  By  wetting  the  outfide 
pf  the  receiver,  the  fire  will  follow  the  dire(5lion 
of  the  wetted  line,  as  the  reflftance  is  now  l^ffcn^ 
ed  on  one  fide ;  and  the  fire  can  adhere  and 
accumulate  itfelf  on  the  infide  of  the  receiver, 
becaufe,  by  means  of  the  dampnefs,  it  can  expel 
a  portion  from  the  outfide.  . 

This    experiment    may    be   exhibited   very 
pleafingly,  by  making  a  Torricellian  vacuum  in 
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a  glafs  tube  about  three  feet  long,  and  fhen  fealed 
hermetically.  Hold  one  end  of  this  tube  in  the 
hand^  and  apply  the  other  to  the  condudlor,  and 
immediately  the  whole  tube  will  be  illuminated 
from  end  to  end,  and  will  continue  fo  for  a  con- 
liderable  time  after  it  is  removed  from  the 
conductor,  flaihing  at  intervals  for  many  hours. 

Experiment  ccv. —Screw  on  a  ball,  of  about 
an  inch  diameter,  to  the  rod  of  the  plate  of  the 
collar  of  leather  of  an  air-pump ;  place  this  on 
a  tall  receiver ;  connedl  the  exterior  part  of  the 
rod  with  the  conduclor  ;  place  fome  cylindrical 
pieces  of  metal  on  the  plate  of  the  pump,  then 
exhauil  the  receiver  in  part,  and  eledtrify  the 
rod  at  intervals,  and  luminous  jets  of  fire  like 
fulminating  meteors  will  fly  from  the  ball  to  the 
cylinders  of  metal. 

Experiment  ccvi.' — Another  beautiful  ap- 
pearance may  be  produced  in  the  dark,  by  infert- 
ing  a  fmall  Leyden  phial  into  the  neck  of  a  tall 
receiver,  fo  that  the  outward  coating  may  be 
expofed  to  the  vacuum.  Exhauft  the  receiver, 
and  then  charge  the  phial,  and  at  every  fpark 
which  paiTes  from  the  conductor  to  the  infide, 
a  flafh  of  light  is  feen  to  dart  from  every  part  of 
the  external  furface  of  the  jar,  fo  as  to  fill  the 
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receiver.     Upon  making  the  difcharge,  the  light 
k  feen  to  return  in  a  clofe  body. 

Experiment  ccvii.— A  very  perfed:  vacuurn 
for  the  paflage  of  the  eledric  fluid  may  be  made 
by  a  double  barometer,  or  long  bent  tube  of  glafs 
filled  with  mercury  and  inverted^  each  leg  Hand- 
ing in  a  bafon  of  mercury  ;  the  bent  part  of  the 
tube  above  the  mercury  forms  a  complete  vacuum. 
If  a  bottle  is  difcharged  through  this  fpace,  the 
light  appears  uniform  through  the  whole  fpace, 
but  is  mofl:  vivid  when  the  difcharges  are  ftrong. 
Dr.  Watfon  infulaied  this  apparatus,  and  then 
made  one  of  the  bafons  of  mercury  communicate 
with  the  conductor,  and  touched  the  other  with 
a  non-eledlric  ;  the  electric  fluid  pervaded  the 
vacuum  in  a  continued  flame,  without  any  diver- 
gence :  when  one  of  the  bafons  was  conne6led 
with  the  infulated  cufhion,  the  fire  appeared  to 
pervade  the  vacuum  in  a  different  direction. 

Experiment  ccviii. — Fig.  S^  r^pr^^ents  a 
gbf.  tube,  fuch  as  is  generally  ufed  for  barome- 
ters ;  on  the  end  ^  a  fteel  cap  is  cemented^  from 
which  a  u  re  and  ball  c  d  proceed  into  the,  tube. 
Fill  this  tube  with  quickfilver,  and  then,  by 
fending  up  a  large  bubble  of  air,  and  repeatedly 
diverting  the  tube,  free  the  quickfilver  and  iron 
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ball  from  air,  according  to  the  ordinary  mode  of 
iiiling  barometers ;  then  place  a  fmall  drop  of 
sether  on  the  quickiilver,  and  put  the  finger  on 
the  end  of  the  glaft  tube,  and  then  infert  the  end 
/  in  a  bafon  of  quickfilver,  taking  care  not  to 
remove  the  finger  from  the  end  of  the  tube,  till 
the  end  is  immerged  half  an  inch  under  the 
filver.  When  the  finger  is  removed,  the  quick- 
filver  will  defcend,  and  the  aether  will  expand 
itfelf,  leffen  the  vacuum,  and  deprefs  the 
mercury  in  the  tube ;  now  prefent  the  metallic 
top  of  the  tube  to  a  large  charged  conductor,  and 
a  beautiful  green  fpark  will  pafs  from  the  ball 
to  the  quickfilver.  By  admitting  a  fmall  quantity 
of  air  into  the  vacuum,  an  appearance  fomething 
fimilar  to  a  falling  flar  is  obtained.  I  am  indebt- 
ed for  this  valuable  experiment  to  Mr.  Morgan^ 
of  the  Equitable  AiTurance  Office. 

Experiment  ccix. — -Place  the  brafs  cap  of  ^ 
well  exhaufced  receiver,  at  about  half  an  inch 
from  the  prime  conductor,  fo  that  when  the 
machine  is  in  acHon,  fparks  may  pafs  from  the 
condu6or  to  the  brafs  cap  of  the  receiver.  Mr. 
Cavalio,  in  relating  the  circumfiances  attending 
an  experiment  of  this  kind  made  by  him,  ob- 
lerves,  that  when  the  receiver  was  exhaufied,  the 
fpark  paiTed  from  the  cap  to  the  platt  of  the 
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pump  through  the  receiver,  illuminating  it's 
whole  cavity  ;  that  the  vacuum  became  a  better 
condudor  of  eledricity  in  proportion  as  it  was 
more  perfedl,  and  that  the  eleQric  light  was 
more  equally  diffufed,  but  it  was  by  no  means 
faint  when  the  receiver  was  exhaufled  to  the 
utmoll.  The  light  changed  according  as  the 
receiver  was  more  or  lefs  exhaufled.  The  ap- 
pearances were  as  follows. 

Degree  OF  Rarefaction,     Appearances     of      th:b 

AS  SHEWN  BY  THE  GaGE.  EleCTRTC  LiGHT  WITHlIf 

THE  Receiver. 

..        .^   ,        .  f  Light  in  lar2;e,  lone:, 

Air  ranfied  40  times.     J      ^      ,.     ,  f^ 

I      but  divided  Itreams. 

J  Fine  diffufed  light  of 
'  la  white  colour. 


So 


["Beautiful  diffufed  light 
I      inclining  to  red  or 
^^^  ^j      purple,   and    filling 

^^^  I      the  whole  receiver. 

fA  diffufed  light  filled 
When  the  gage  fhewed    |      equally  the  receiver; 
the  utmoll  degreec   |      it    had    hardly  any 
of  cxhauftion,  ^  l    reddifh  hue.* 

*  Phil,  TxanCvol,  IkxuU  partH.  p.  45*» 
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See  alfo  Experiment  112,  113,  ili,  122^ 
of  this  Eflay,  for  further  obfervations  on 
th&    appearance    of     the    electric     light    in 
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CHAP.      XV. 

Of  Medical  Electricity. 

^T^HE  Abbe  Nollet  fays,  that  he  received 
•*-  more  pleafure  when  he  difcovered  that  thei 
motion  of  fluids  in  capillary  tubes  and  the  in« 
fenlible  tranfpiration  of  animated  bodies  were 
augmented  by  electricity,  than  by  any  other 
difcovery  he  had  made ;  becaufe  they  fecmed  to 
promife  fuch  abundant  advantages  to  mankind, 
when  properly  applied  by  a  fkilful  hand.  But 
how  much  would  this  pleafure  have  been  aug- 
mented, if  he  had  lived  to  fee  his  hopes  rea- 
lized, and  this  branch  of  eledlricity  obtain  the 
fame  medical  certainty  as  the  bark  in  inter- 
mittents  ? 

It  is  true,  that  like  every  other  fimple  me- 
dicine which  has  proved  beneficial  to  mankind^ 
eledricity  met  with  much  oppofition  from  the 
interefted  views  of  fome,  and  the  ignorance  of 
others;  has  been  treated  with  contempt,  and 
injured  by  mifplaced  caution.  I  fliall  recom- 
mend to  thofe  who  thus  oppofe  it,  not  to  con- 
demn a  fubjedl  of  which  they  are  ignorant,  but 
to  hear  the  caufe  before  they  pafs  fentence; 
to  take  fome  pains  to  underfland  the  nature  of 
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eledlricity ;  to  learn  to  make  the  eledrical  ma-* 
chine  ad  well,  and  then  apply  it  for  a  few 
weeks  to  fome  of  thofe  diforders  in  which  it  has 
been  adminiftered  with  the  greateft  fuccefs; 
and  there  is  no  doubt  but  they  would  foon  be 
convinced,  that  it  deferves  a  diftinguifhed  rank 
in  medicine,  which  is  the  offspring  of  philo- 
fophy. 

The  fcience  of  medicine  and  it'^s  praditioners 
have  been  reproached  with  the  inftability  and 
fludluations  of  pr^dlice  ;  at  one  time  cold  as  the 
ice  at  Zembla,  at  another  hot  as  the  Torrid 
Zone ;  that  they  are  led  by  falhion,  and  influ- 
enced by  prejudice.  On  this  ground  it  has 
been  predidled,  that  however  great  the  benefits 
which  may  be  derived  from  eleclricity,  it  would 
Hill  only  laft  for  the  day  of  failiion,  and  then 
be  configned  to  oblivion.  I  muft  confefs,  that 
I  cannot  be  of  this  opinion,  nor  ealily  led  to 
think  a  fet  of  men,  whole  judgment  has  been 
matured  by  learning  and  experience,  will  ever 
negledl  an  agent,  which  probably  forms  the 
mod  important  part  of  our  conftitution.  Elec- 
tricity is  an  adiive  principle,  which  is  neither 
generated  nor  deftroyed ;  which  is  every  where, 
and  ahvays  prefent,  though  latent  and  unobferved^ 
and  is  in  motion  by  night  and  day,  to  maintain 
an  equilibrium  that  is  continually  varying.    To 
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give  one  inilance,  among  many,  it  has  been 
fhewn,  that  the  rain  that  defcends  in  a  ftorm 
is  ftrongly  impregnated  with  eleQricity,  and 
thus  brings  down  what  the  heated  vapours  car- 
ried up  into  the  air,  till  the  deficiency  of  the 
earth  is  fupplied  from  the  fuperfluity  of  the 
heavens.  A  variety  of  other  caufes  concur  to 
vary  continually  the  equilibrium  of  this  fluid  1 
as  the  perpetual  inteftine  and  ofcillatory  motion, 
which  contributes  fo  much  towards  carrying  on 
the  operations  of  nature.  Further,  if  a  parti- 
cular portion  of  this  fluid  is  diftributed  to  every 
fubflance,  then  every  alteration  of  it*s  capacity, 
which  is  continually  changing  by  heat  or  cold, 
mull  move  or  operate  on  it. 

As  heat,  or  fire  in  aclion,  is  the  firfl  mover 
in  the  animal  machine,  and  the  chief  adlivc 
principle  during  it's  exiftence,  and  as  eledlricity 
exhibits  fo  many  phaenomena,  which  cannot  be 
diftinguiihed  from  thofe  of  fire,  we  are  natu- 
rally led  to  conceive  high  ideas  of  the  impor- 
tance of  this  fluid  to  medicine.  Though  the 
vital  flate  of  it  is  not  to  be  ellimated  by  the 
degree  of  heat,  abflradledly  confidered,  becaufe 
the  degree  of  heat  only  afcertains  the  quantity 
which  is  acting  in  a  peculiar  manner. 

It  is  known  that  this  vivifying  principle  haftens 
ihc  vegetation  of  plants.     Myrtle-trees,  which 
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were  elecSrified,  budded  fooncr  than  others  of 
the  fame  kind  and  lize^  and  in  the  fame  green- 
houfe.     Seeds,  daily  eledlrified,  have  Ihot  up, 
and  grown  more  in  three  or  four  days  than  others 
of  the  fame  kind,  and  alike  in  all  other  circum- 
ftances,  have  done  in  eleven  or  twelve  days. 
In  the  fame  manner  Mr.  Achard  has  Ihewn,  that 
it  may  be  ufed  as  a  fupplement  for  heat,  to 
hatch  the  chicken  from   the  egg.     The  fuppo- 
lition  of  an  ingenious  writer  is  by  no  means  im- 
probable, that  the  vegetating  power  which  is 
operating  during  the  whole  year  in  ever-greens, 
may  arife  from  thefe   trees  having  more  relin 
in  their  compofition,  than  thofe  whofe  leaves  fall 
in  autumn,  by  which  they  are  enabled  to  attrad 
and   retain  thofe  juices  which   give  them  their 
continual  verdure,  and  fupply,  in  fome  degree, 
the  abfence  of  folar  heat.     This  may  be  inferred 
from  their  natural  properties,  and  is  confirmed 
by  the  ftrong  eledric  power  pofleffed  by  their 
leaves.     The  fame  writer  thinks,  that  the  fluid 
colled:ed  in  our  eledlrical   experiments  is  only 
thofe  folar  rays  that  have  been  difperfed  in,  and 
are  arreftcd   by  the  earth ;    an  idea  which  is 
ftrongly  corroborated  by  the  obfervations  made 
on  atmofpherical  elcdricity,  and  by  the  deduc-. 
tions  which  have  been  made  from  the  relative 
affinities  of  fire^  light,   and  heat, 
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The  agency  of  this  fluid,  and  it's  exigence  in 
animated  nature,  has  been  fully  proved  by  the 
experiments  that  have  been  made  on  the  Torpedo 
and  the  Gymnotus  Elecftricus  -  for  the  iimilitudc 
cftablifhed  between  the  electrical  fluid  of  the 
Torpedo  and  that  of  nature  at  large,  is  fuch, 
that,  in  a  phyfical  fenfe,  they  may  be  conlidered 
as  precifely  the  fame.  Mr.  Hunter  has  well  ob- 
ferved,  fays  Sir  J.  Pringle,  and  I  think  he  is  the 
firfl:  who  has  made  the  obfervation,  that  the 
magnitude  and  number  of  the  nerves  beftowed 
on  thofe  elecflric  organs  in  proportion  to  their 
fize,  mull  appear  as  extraordinary  as  their  effedls  ; 
and  that,  if  we  except  the  important  organs  of 
our  fenfes,  there  is  no  part,  even  of  the  mofl: 
perfed:  animal,  which,  for  it's  lize,  is  more 
liberally  fupplied  with  nerves  than  the  Torpedo : 
iior  yet  do  thefe  nerves  of  the  eledlric  organs 
feem  neceflary  for  any  fenfation  that  can  belong 
to  them :  and  with  refpedl  to  ad:ion,  Mr*  Hunter 
obferves,  that  there  is  no  part  of  any  animal, 
however  ftrong  and  conflant  it's  action  may  be, 
which  enjoys  fo  large  a  portion  of  them.  If  then 
it  be  probable,  that  thefe  nerves  are  unnecefTary 
for  the  purpofc  either  of  fenfation  or  adion, 
may  we  not  conclude,  that  they  are  fubfervient 
to  the  formation,  colledlion,  and  management 
4pf  the  eledric  fluid  ?  efpecially,  as  it  appears 
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from  Mr.  Walfh's  experiments,  that  the  will 
of  the  animal  commands  the  elecftric,  powers 
of  it's  organs.  If  thefe  refiecflions  are.  juft,  we 
may  with  fome  probability  foretel,  that  no 
difcovery  of  confequence  will  ever  be  made  by 
future  phyfiologifts  concerning  the  nature  of 
the  nervous  fluid,  without  acknowledging  the 
lights  they  have  borrowed  from  the  experi- 
ments of  Mr.  Wallh  upon  the  living  Torpedo, 
and  the  diffeclion  of  the  dead  animal  by  Mr, 
Hunter.* 

A  variety  of  curious  fads  clearly  evince,  that 
the  electric  fire  is  elTentially  connevfted  with  the 
human  frame,  and  is  continually  exerting  it's 
influence  upon  it.  Add  to  this  the  eafe  with 
which  the  natural  equilibrium  is  deftroyed,  and 
we  may  readily  conceive,  that  any  alteration  in 
the  quantity  or  intenfity  of  aclion  of  this  power- 
ful fluid  v/ill  produce  correfponding  changes  in 
the  habit  or  health  of  the  body :  the  following 
is  a  remarkable  inftance  of  the  agency  of  the 
fluid  in  the  human  frame,  and  of  the  eafe  with 
which  it  is  put  in  adion.  Mr.  Brydone  men- 
tions a  lady,  who,  on  combing  her  hair  in  frofly 
^veather  in  the  dark,  had  fometimes  obferved 
fparks  of  fire  to  iffae  from  it;  this  made  him 

think 
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think  of  attempting  to  colIe6l  the  ele&ical  fire 
from  hair  alone,  without  the  affiftance  of  any 
other  elefirical  apparatus.  To  this  end,  he 
delired  a  young  lady  to  (land  on  wax,  and  comb 
her  filter's  hair,  who  was  fitting  in  a  chair  before 
her ;  foon  after  fhe  had  begun  to  comb,  the  young 
lady  on  the  wax  was  furprifed  to  find  her  whole 
body  elecfiirified,  and  darting  out  fparks  of  fire 
againil  every  objedl  that  approached  her.  Her 
hair  was  ftrongly  eledlrical,  and  affected  an 
cledlrometer  at  a  confiderable  difiance.  He 
charged  a  metallic  condudor  from  it,  and  in 
the  fpace  of  a  few  minutes  collected  a  fufficient 
quantity  of  fire  to  kindle  common  fpirits,  and, 
by  means  of  a  fmall  jar,  gave  many  fmart  Itrokes 
to  all  the  company. 

Mr.  Cavallo  obtained,  by  means  of  a  fmall 
condenfing  plate,  very  fenfible  figns  of  eledtricity 
from  various  parts  of  his  own  body,  and  the 
head  of  almoft  any  other  perfon. 

When  the  difcoveries  in  this  fcience,  fays  M r, 
Brydone,  are  further  advanced,  we  may  find, 
that  what  we  call  fenfibility  of  nerves,  and  many 
other  difeafes,  which  are  known  only  by  name, 
are  owing  to  the  bodies  being  poireffed  of  too 
large  or  too  fmall  a  quantity  of  this  fubtle  fluid, 
which  is  perhaps  the  vehicle  of  all  our  feelings. 
It  is  known^  that  in  damp  and  hazy  weather, 

when 
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when  this  fire  is  blunted  and  abforbed  by  the 
humidity,  it's  adlivity  is  leiTenedj  and  what  is 
colleded  is  foon  diffipated  ;  then  our  fpirits  are 
more  languid,  and  our  feniibility  is  lefs  acute. 
And  in  the  fierce  wind  at  Naples,  when  the  air 
feems  totally  deprived  of  it,  the  whole  fyflem 
is  unftrung,  and  the  nerves  feem  to  lofe  both 
their  tenfion  and  elafticity,  till  the  north-weft 
wind  awakens  the  adivity  of  the  animating 
power,  which  foon  reltores  the  tone,  and  enli- 
vens all  nature,  which  feemed  to  droop  and 
languifh  in  it's  abfence:  nor  can  this  appear  fur- 
prifing,  if  it  is  from  the  difiirent  ftate  of  this  fire 
in  the  human  body,  that  the  {Iridium  and  laxum 
proceeds,  and  not  from  any  alteration  in  the 
fibres  themfelves,  or  their  being  more  or  lefs 
braced  up,  (among  which  bracers  cold  has  been 
reckoned  one)  though  the  mufcular  parts  of  an 
animal  are  more  braced  when  they  are  hot,  and 
relaxed  when  they  are  cold. 

Mr.  Jalabert  and  Profeffor  SaufFure,  when 
pafiing  the  Alps,  were  caught  among  thunder- 
clouds, and  found  their  bodies  full  of  eledirical 
fire  1^  fpontaneous  fiafhes  darting  from  their 
fingers,  with  a  crackling  noife,  and  the  fenfations 
they  felt  were  the  fame  as  when  fi:rongly  elec- 
trified by  art.  It  feems  pretty  evident,  that 
thofe  feelings  were  owing  to  their  bodies  con- 
4.  »         taining 
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taining  too  great  a  (hare  of  ele6lrical  fire ;  and 
it  is  not  improbable,  that  many  of  our  invalids 
owe  their  feelings  to  the  oppofite  caufe. 

The  perpetual  ele(5lricity  of  the  atmofphere 
is  no  longer  a  problem :  the  exigence  and  con- 
tinual agency  of  it  in  that  mafs  of  air  which  fur- 
rounds  our  globe  has  been  afcertained  by  nu-^ 
merous  clear  and  deciiive  experiments,  and  it 
feems  by  no  means  improper  to  infer,  that  this 
fluid  cannot  exid  in  the  atmofphere  without 
exerting  a  certain  influence  on  all  the  beings 
contained  in  it,  and  principally  on  organized 
bodies^  among  which  man  holds  the  higheft. 
rank. 

Experiment  ccx.— Pafs  the  charge  of  a  large 
jar,  or  battery,  from  the  head  to  the  back  of  a 
moufe ;  this,  if  the  Ihock  is  fufficiently  flrong, 
will  kill  the  animal.  After  it's  death,  make  the 
difcharge  in  the  fame  manner,  and  the  fluid  will 
pafs  vifibly  over  the  body,  and  not  through  it ; 
evincing,  that  the  power  or  medium  which 
tranfmitted  the  Iliock  through  the  animal,  is  lofl: 
with  it's  life.  This  experiment  is  taken  from 
Mr.  Cavallo's  treatife  on  medical  ele(5lricity. 
It's  importance  is  felf-evident,  and  it  certainly 
merits  a  further  invefligation  by  thofe  who  are 

P  p  acquainted 
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acquainted  with  the  animal  cecononny,  as  well 
as  eledlricity. 

The  following  experiment  fliews,  that  the 
elccLric  fluid  paiTes  through  that  feries  of  mufcles 
which  form  the  Ihorteft  paiTage  for  it,  and  w^hofe 
condudling  power,  or  eleclric  capacity,  is  moft 
favourable  to  it. 

Experiment  ccxi.= — Let  A  grafpa  Leydcn 
phial  with  his  right  hand,  and  touch,  with  a 
brafs  rod  held  in  his  left  hand,  the  naked  right 
foot  of  B ;  let  the  left  foot  of  B  communicate 
by  a  brafs  rod  with  the  right  foot  of  C ;  let  D 
with  his  right  hand  hold  the  left  ear  of  C,  and 
touch  the  knob  of  the  bottle  with  his  left  hand  : 
A  will  feel  the  fliock  in  the  mufcles  of  the  right 
hand  and  arm.,  of  the  thorax,  and  of  the  left 
hand  and  arm ;  B  will  feel  the  commotion  in  the 
mufcles  of  his  right  foot,  right  leg  and  thigh^ 
and  thofe  which  are  connected  with  the  left 
thigh,  leg,  and  foot,  while  C  will  perceive  it  in 
that  feries  which  goes  from  the  leg  to  the  ear  by 
which  he  communicates  with  D.  The  adlion  of 
the  fluid  on  the  human  body  in  the  fhock,  is  the 
fame  when  it  pafles  through  fimilar  parts  with 
the  fame  deniity.  It's  adion  is  more  extenflve 
when  the  fire  is  denfefl:,  and  therefore  moft  in^ 
tenfe  when  it  meets  with  any  refiftance. 

5  Affiled 
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Afliiled  by  a  furgeon,  Beccaria  made  feveral 
experiments  upon  the  effedls  produced  by  elec- 
tricity on  the  mufcles  in  the  left  leg  of  a  cock. 
The  mufcles  were  ftrongly  contraded  when  a 
Ihock  was  palTed  through  them,  and  the  con- 
tradlion  was  always  accompanied  by  a  fudden 
and  proportional  fwelling  of  the  mufcles,  ex- 
cepting at  the  part  where  the  membrane  is  in- 
ferted,  which  feparates  one  mufcle  from  ano- 
ther, which  was  always  depreffed.  The  mem- 
brane which  invefted  that  part  of  the  mufcle 
through  which  the  fluid  paiTed,  became  dry  and 
wrinkled,  and  a  vapour  arofe  from  that  part ; 
when  one  mufcle  was  contraQed,  a  general  con- 
traQion  took  place  in  thofe  that  were  contiguous 
to  it,  and  they  were  a  little  convulfed  after  the 
fhock. 

In  another  inflance,  where  the  mufcle  was 
relaxed  and  parted  from  the  thigh,  on  palling 
the  fhock  through  it  the  mufcle  contracted  itfelf, 
and  was  drawn  back  into  it's  natural  place,  and 
could  not  be  again  difplaced  but  by  force;  a 
circumflance  which  ftrongly  manifefls  the  power 
of  elec^lricity  to  give  tone  to  a  flaccid  fibre.  Indeed, 
when  we  confider,  fays  a  very  fenfible  writer, 
that  the  mufcles  have  been  brought  into  adlion 
by  the  eleclric  fire  ;  that  it  has  rendered  palfied 
limbs  plump,  and  reftored  a  power  of  adion 
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and  motion  to  many,  whofe  palfies  did  not 
arife  from  the  fpinal  marrow  ;  is  it  not  a  con- 
vincing proof,  that  the  vital  fire  is  the  caufe  of 
inufcular  motion,  and  that  this  is  the  fame 
with  that  which  is  colledled  by  the  electrical 
machine  ?* 

As  the  fcience  of  medicine  knows  ofnofpe- 
cific,  fo  we  are  not  to  fuppofe,  that  eledricity 
will  triumph  over  every  diforder  to  which  it  is 
applied.  It's  fuccefs  will  be  more  or  lefs  ex- 
teniive,  according  to  the  difpofition  of  the  fub- 
jed:,  and  the  talents  of  thofe  who  direftit;  it 
cannot  therefore  appear  furprifing,  that  many 
diforders  have  been  refra8:ory  to  it's  powers,  and 
others  have  only  yielded  in  a  fmall  degree;  or, 
that  the  progrefs  of  the  cure  has  often  been 
Hopped  by  the  impatience,  or  prejudice,  of  the 
difeafed :  but  at  the  fame  time,  it  muft  be  ac- 
knowledged, that  even  in  it's  infancy,  when  it 
had  to  combat  againft  fear,  prejudice,  and  in- 
tercft,  it's  fuccefs  was  truly  great :  we  have 
furely  then  the  highefl  reafon  to  exped:  a  con- 
fiderable  increafe  of  fuccefs,  now  that  it  is  cul- 
tivated and  promoted  by  profeflional  men  of  the 
fir  ft  merit. 

Experiment 

*•  Dr.  Cullen  fays,  that  ele6lricity,  when  properly  ap- 
plied, is  one  of  the  mod  powerful  ftimulants  that  can  be 
ufed  to  aft  upon  the  nervous  fyflem  of  animals. 
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Experiment  ccxii. — -This  experiment  Ihews, 
that  the  eledtric  powers  may  be  put  in  action  by 
heat  and  cold.  It  was  originally  made  by  Mr. 
Canton.  He  procured  fome  thin  glafs  balls,  of 
about  an  inch  and  a  half  diameter,  with  ftems 
or  tubes,  about  eight  or  nine  inches  in  length, 
and  eledlriiied  them,  fome  poficively  on  the  in- 
lide,  others  negatively,  and  then  fealed  them 
hermetically ;  foon  after  he  applied  the  naked 
balls  to  his  eledlrometer,  and  could  not  obferve 
the  leaft  iign  of  their  being  eledlrical ;  but  hold- 
ing them  at  the  fire,  at  the  diflance  of  five  or 
fix  inches,  they  became  flrongly  eledlrical  in  a 
fhort  time,  and  more  fo  when  they  were  cooling. 
Thefe  balls  would,  every  time  they  w^ere  heated, 
give  the  elediric  power  to,  or  take  it  from  other 
bodies,  according  to  the  plus  or  minus  flate  of 
it  within  them.  Heating  them  frequently  di- 
miniflied  their  power,  but  keeping  one  of  them 
under  water  a  week  did  not  in  the  leaft  impair 
it.  The  balls  retained  their  virtue  above  fix 
years.  The  tourmalin  and  many  other  precious 
(lones  are  alfo  known  to  acquire  eledlricity  by 
heat.  The  tourmalin  has  always  at  the  fame  time 
a  pofitive  and  negative  electricity ;  one  fide  of 
it  being  in  one  flate,  the  other  in  the  oppofite. 
Thefe  powers   may  be  excited  by  fridion  and 
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by  heat ;  nay,  even  by  plunging  it  in  boiling 

water. 


Experiment  cgxiii.— Infuiate a  fenfible  mer- 
curial thermometer,  and  place  the  bulb  between 
two  balls  of  wood,  one  aiiixed  to  the  conductor, 
the  other  conqimunicating  with  the  ground,  and 
the  eledlric  fluid,  in  palling  between  the  two 
balls,  will  raife  the  mercury  in  the  therniometer 
Gonnderably.  With  a  cylinder  of  about  kym 
inches  and  a  half  in  diameter,  the  fluid  paffing 
froni  a  ball  of  lignum  vitse  to  a  ball  of  beech^ 
and  thence  to  the  ground,  elevated  the  quick- 
fiiver  in  the  thermometer,  from  68°  to  iio"*, 
repeatedly  to  105.  The  therniometer  v^as  raifed 
from  68'  to  85°,  by  the  fluid  pafling  from  a 
point  of  box  to  a  point  of  lignum  vitas  ;  fron> 
67°  to  iQo",  from  a  point  of  box  to  a  ball  of 
box;  from  66^"  to  100",  from  a  ball  of  box  to 
a  brafs  point ;  from  69°  to  1 00",  from  ball  to 
ball ;  the  bulb  of  the  thermometer  covered  with 
flannel. 

Mr.  Morgan,  in  his  examination  of  Dr.  Craw- 
ford's Theoiy  of  Heat,  was  thefirfl:  perfon  who 
proved,  that  the  mercury  in  the  thermometer 
might  be  raifed  by  electricity. 

The  public  have  long  expe6led,  that  fome  fyf- 
tem  of  the  application  of  Medical  Electricity 

would 
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would  be  produced;  but  the  gentlemen,  into 
whofe  hands  the  chief  praftice  has  fallen^  know 
the  fallacy  of  fyftems  too  well  to  hazard  any 
which  is  not  built  on  experience. 

In  a  fliort  courfe  of  le<flures  which  were  read 
on  this  fubjedl  lately  by  Mr.  Birch,  fome- 
thing  like  a  fyflem  was  thrown  out  for  the  con- 
lideration  of  future  eledlricians.  The  applica- 
tion of  electricity  to  medicine  was  divided  into 
three  forms;  namely,  the  fluid,  the  fpark  or 
friclion,  and  the  fhock.  The  firfl:  mode  he  con- 
lidered  to  ad:  as  a  fedative,  the  fecond  he  ranked 
-under  the  title  of  a  fiimulant,  and  the  laft  as 
a  deobflrucnt.  As  the  diftindions  were  the 
refult  of  many  experiments  and  much  obfer- 
vation,  they  may  fafely  be  adopted  for  the  pre- 
fent.  That  gentleman  being  now  engaged  in 
the  pracflice  of  a  great  hofpital,  where  his  elec- 
trical experiments  have  already  gained  fome  re- 
putation, we  may  hope  the  fcience  will  be  more 
univerfally  diffufed,  and  being  taught  under  the 
cautious  eye  of  public  fcrutiny,  we  may  truft  it's 
merits  will  foon  give  it  an  eilabliihed  rank  in  the 
art  of  healing. 

From  hence  we  may  perceive,  that  in  medi- 
cine, eledlricity  is  applicable  to  palfies,  rheu« 
matifms,  intermirtents ;  to  fpafm,  obftruflion, 
and  inflammation.    In  furgery  it  has  confider- 

able 
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able  fcope  for  adlion ;  where  contravlions  and 
fprains,  tumours,  particularly  of  the  glandular 
fort,  wafting  of  the  mufcles,  and  other  inci- 
dents, form  a  catalogue  of  viiible  difeafes  as 
diftrefling  to  the  fight  of  others  as  to  the  patients 
themfclves.  The  gout,  and  the  fcrophula,  or 
king's  evil,  two  difeafes  which  have  tormented 
mankind,  and  been  the  difgrace  of  medicine  to 
the  prefent  time,  are  ranked  among  thofe  to 
which  this  remedy  is  applicable ;  and  in  the 
commencement  of  the  complaints,  I  am  inform- 
ed, has  been  wonderfully  fuccefsful.  To  remove 
ill-placed  fits  of  the  gout,  it  fiiould  feem  to  be 
a  more  rational  application  than  any  medicine, 
for  it  applies  diredily  to  the  feat  of  the  difeafe, 
with  a  power  and  rapidity  unknown  in  phyfic, 
and  perfectly  manageable  at  difcretion ;  and,  as 
it  is  a  remedy  which  applies  to  the  underftanding 
as  well  as  to  the  feelings,  I  fliould  think  it  better 
worth  the  attention  and  contemplation  of  men 
of  liberal  education,  than  the  compounding  a 
medicine,  in  which  they  place  little  faith,  or 
applying  a  plaifter,  in  which  they  have  none 
at  all. 

The  fuccefs  of  ele^flricity,  in  relieving  the 
fufferings  of  mankind,  has  been  confiderably 
promoted,  and  it's  operations  rendered  more 
rapid,  fenfible^  and  efficacious,  by  applying  it  in 

different 
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different  manners  and  quantities  to  the  human 
frame.    The  modes  formerly  ufed  were  the  ihock, 
fpark,  and  fometimes,  though  very  feldom,  lim- 
ple   eletflriiication.     Thefe  modes  are  now  va- 
ried, and  their  number  augmented.    The  Area m 
of  the  eledric  fluid  may,  without  a  Ihock,  be 
made  to  pafs  through  any  part  of  the  body ;  it 
may  aifo  be  thrown  upon,  or  extracted  from  any 
part,  and   it's  a6lion  in   each    cafe  varied,   by 
cauiing    the    fluid    to    pafs   through    materials 
which  refifl:  it's  paflage  in  different  degrees ;  it 
may  be  applied  to  the  naked  integuments,  or 
to  the  fl^in  covered  with  different  refilling  fub- 
ffances  ;   and  it's  power  may  be  rarified  or  con- 
denfed,  confined  to  one   fpot,  or  applied   in  a 
more  diffuiive  manner,  at  the  difcretion  of  the 
operator. 

The  apparatus  necessary  for  this  purpose 
is  simple,  and  consists  of  the  following 
articles  : 

I.  An  eledlrical  machine,  with  an  infulated 
cufhion,  properly  conftrudled  to  afford  a  con- 
tinued and  ftrong  ftream  of  the  eledrical  fluid. 
(The  m.achine  reprefented  in  the  plate  which 
faces  the  title-page  of  this  Effay,  is  the  kind 
which  Mr.  Birch  recommended  to  medical  prac- 
titioners in  his  ledures.) 

Qq  2.  A 
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2.  A  flool  with  infalating  feet,  of  rather  an 
arm  chair  fixed  on  a  large  infalating  ftool.  The 
infidepart  of  the  back  of  the  chair  fhould  move 
on  a  hinge,  that  it  may  occafionally  let  down  to 
eledlrify  conveniently  the  back  of  the  patient : 
the  arms  of  the  chair  fnould  alfo  be  made  longer 
than  ufual. 

3.  A  Leyden  bottle  with  an  eledlrometer. 

4.  A  pair  of  large  direcT:ors,  with  glafs  handles, 
and  wooden  points. 

5.  A  few  glafs  tubes  of  different  bores,  fome 
of  them  with  capillary  points. 

To  thefe  may  be  added,  an  univerfal  dif- 
charger  on  a  large  fcale,  a  pair  of  fm.all  direc- 
tors with  fiiver  wires,  and  a  pair  of  infulating 
forceps. 

Fig.  93  reprefents  the  diredors ;  the  handles 
are  of  glafs.  A  is  a  brafs  wire  with  a  ball  on  it's 
end.  The  wire  of  one  is  bent,  for  the  more  con- 
veniently throwing  the  elcvSlric  fluid  on  the  eye, 
&c.  The  balls  may  be  unfcrew^ed  from  the 
wires,  and  the  wooden  point  B  fere  wed  in 
jt's  place,  or  the  pointed  end  of  the  brafs  wire 
may  be  ufed.  The  directors  fliould  always  be 
held  by  that  extremity  of  the  glafs  handle  which 
is  farthefl:  from  the  brafs,  and  care  (hould  be  taken 
that  the  heat  of  the  hand  does  hot  make  them 

moin. 
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.  L  and  M,  fig.  84,  reprefent  glafs  tubes, 
through  which  fmall  wires  are  made  to  pals,  to 
convey  the  fluid  direcftly  to  the  ear  or  throat. 

Fig.  88  reprefents  another  glafs  tube,  of  a 
larger  fize,  the  end  of  which  is  capillary;  a  fmall 
quantity  of  rofe  water,  or  any  other  fluid,  is  to  be 
poured  into  this  tube ;  then  conned  it  with  the 
prime  conductor  by  a  wire;  turn  the  cylinder, 
and  a  fubdividcd,  gentle  and  refrefhing  flream 
of  this  fluid  may  be  thrown  on  the  patient. 

Fig.  86  reprefents  the  eledric  forceps  :  feme 
gentlemen  think  it  is  a  very  convenient  inftru- 
ment  for  comm.unicating  a  fhock.  It's  ufe  is 
evident  from  an  infpedlion  of  the  figure. 

Fig.  85  is  the  medical  bottle,  furnifhed  with 
an  eleclrom.etcr,  to  limit  the  force  of  the  fnock, 
and  enable  the  operator  to  give  a  fucceffive 
number  of  them  of  the  fame  force.  C  is  a  bent 
piece  of  glafs,  on  the  upper  part  of  which  is  . 
cemented  a  brafs  focket  D,  farniflied  with  a 
fpring  tube  E  ;  the  wire  F  moves  in  this  tube, 
fo  that  the  ball  G  may  be  fet  at  a  convenient 
difl:ance  from  the  ball  H.  The  end  I  of  the 
bent  piece  of  glafs  is  alfo  furnifhed  with  a  fpring 
tube,  which  Hides  upon  the  wire  K,  communi- 
cating with  the  infide  of  the  bottle. 

To  ufe  this  bottle,  place  the  ball  H  in  contaJl 
with  the  conductor,  or  conned  them  together 
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by  a  wire,  and  then  charge  it  in  the  ufual  man- 
ner. Now,  if  a  wire  proceeds  from  the  ball  L 
to  the  outlide  coating,  the  bottle  will  be  dif- 
charged  whenever  the  fluid  has  acquired  fufficient 
force  to  pafs  through  the  fpace  of  air  between  the 
-two  balls ;  confequently  the  fhock  is  ilronger  in 
proportion  as  the  diftance  between  the  two  balls 
is  increafed. 

It  is  obvious,  that  when  the  eledlrometer  is 
thus  connecfted,  it  ads  in  the  fame  manner  as  a 
common  difcharging  rod,  and  forms  the  com- 
munication between  the  outiide  and  the  infide  of 
the  bottle;  with  this  difference  only,  that  the 
diftance  of  the  end  which  is  to  communicate  with 
the  infide  may  be  limited  and  regulated. 

It  has  been  found  more  convenient,  to  fepa- 
rate  the  elecflrometer  from  the  bottle,  and  apply 
it  to  the  condu6lor  :  fee  in  the  frontifpiece  to  this 
Effay,  where  ^,  h^  reprefents  the  eledrometer, 
Cy  dy  the  Leyden  bottle,  fufpended  at  a  fmall 
diftance  from  it ;  a  glafs  tube  e,  /,  is  fixed  in  this 
bottle,  a  fmall  part  of  the  lower  end  of  which  is 
coated ;  two  wires  pafs  through  the  brafs  ball 
C  on  the  top  of  this  tube,  one  of  which  goes 
down  to  the  bottom  of  the  exterior  bottle,  and 
touches  it's  internal  coating,  the  other  only  goes 
to  the  coating  of  the  tube  :  thefe  wires  may  be 
removed  at  pleafure.  The  bottle  is  to  be  fuf- 
pended 
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pended  to  the  condu6lor  by  the  ring,  and  a 
chain  or  wire  is  to  be  fixed  to  the  hook  d,  at  the 
bottom. 

Fig.  119,  pi.  V.  reprefents  the  bottle  direcflor, 
which  is  hollow  and  coated  like  a  common  bottle, 
ad:ing  in  all  refpcds  like  one,  but  is  convenient 
from  it's  ihape  and  fome  other  circumdances  in 
giving  fmall  (hocks. 

The  handles  of  the  directors  fliould  be  care- 
fully dried,  as  alfo  the  bent  piece  o^  glafs  C, 
and  thofe  parts  of  the  bottle  which  are  above  the 
coating.  It  is  likewife  neceflary  to  prefs  the 
ends  of  the  diredlors  againft  the  part,  to  convey 
the  fhock  more  readily. 

Fig.  87  reprefents  an  univerfal  difcharger 
upon  a  large  fcale,  with  a  patient  fitting  between 
the  two  pillars,  one  ball  re  fling  at  A,  the  other 
being  placed  at  B.  The  convenience  of  this 
apparatus  is  obvious,  from  an  infpedion  of  the 
figure ;  for  as  the  joints  have  both  an  horizontal 
and  vertical  motion,  and  the  wires  pafs  through 
two  fpring  fockets,  they  may  therefore  be  placed 
in  any  dircvflion,  and  the  balls  fixed  in  any  re- 
quired iituation.  Hence,  by  conneding  one 
wire  with  a  politive  conductor,  and  the  other 
with  a  negative  one ;  or  one  with  the  bottom  of 
a  Leyden  bottle,  and  the  other  with  the  eledro- 
n^ten  the  fliock  or  flrcam  may  be  conveyed  to 

any 
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any  part,  with  the  greateft  facility.  It  is  alfo 
evident,  that  a  perfon  may,  by  means  of  the  two 
joints  of  this  fimple  apparatus,  ele6lrify  himfelf 
with  eafe,  (or  any  patient,  conveniently)  without 
the  affiftance  of  any  other  perfon;  that  is,  he 
may  turn  the  machine  with  one  hand,  while  he 
is  receiving  the  fluid,  or  the  lliock,  by  means  of 
this  univerfal  difcharger.  But  this  may  alfo  be 
readily  effected,  by  faftening  a  wire  to  one  of  the 
condudtors,  and  pinning  the  other  end  of  it  to 
one  extremity  of  the  part  through  which  you 
intend  to  pafs  the  fhock,  or  convey  the  fluid ; 
then  conneQ  a  diredor  with  the  other  condudlor, 
and  hold  it  to  the  other  extremity  of  the  part. 
If  the  fltuation  is  fuch  as  to  occaflon  the  v/ires  to 
touch  the  table,  pafs  a  fraall  glafs  tube  over  them, 
which  will  prevent  a  diflipation  of  the  fire. 

Electricity    may  be  applied  medically  in 
the  following  different  modes. 

Firfl:,  By  merely  placing  the  patient  in  an 
infulated  chair,  and  conne8:ing  him  with  the 
prime  condudior;  when  the  machine  is  in  adlion, 
he  will  be  filled  with  the  electric  fluid,  which 
will  be  continually  diflipated  from  the  points  and 
edp'es  of  his  cloaths  :  and  though  the  effedls  of 
this  are  probably  too   flow  to  be  rendered  very 

advan-. 
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advantageous,  yet  a  fedentary  perfon  might 
perhaps  derive  fome  benefit  from  fitting  in  an 
iniulated  chair,  having  before  him  an  inlblated 
table ;  the  chair  to  be  conneded  with  the  ball 
of  a  large  charged  jar  or  battery,  by  which  means 
a  fmall  quantity  of  the  fluid  v/iil  be  continually, 
palling  through  thofe  innumerable  capillary 
yeffels,  on  the  right  ftate  of  which  our  health  fo 
much  depends. 

2.  By  throwing  the  Fluid  upon,  or  ex- 
tracting it  FROM  A  Patient,  by  Means  of 
A  WOODEN  Point. 

This  may  be  effected  in  a  twofold  manner : 
ift,  By  infulating  the  patient,  and  connediing 
him  either  with  the  cufhion  or  the  pofitive 
prime  conductor,  the  operator  prefenting  the 
point.  2nd,  Let  the  patient  ftand  upon  the 
ground,  and  the  wire  of  the  direftor  be  connedl- 
ed  either  with  the  pofitive  or  negative  parts  of 
the  machine.  The  fenfation  produced  by  the 
fluid  when  adting  in  this  manner,  is  mild  and 
pleafing,  refembling  the  foft  breezes  of  a  gentle 
wind  ;  generating  a  genial  warmth,  and  promot- 
ing the  fecretion  and  dillipation  of  tumors,  in- 
flammations, &c. 

3»By 
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3.  By  the  Electric  Friction. 


Cover  the  part  to  be  rubbed  with  woollencloth 
or  flannel.  The  patient  may  be  feated  in  an 
infulated  chair,  and  rubbed  with  the  ball  of  a 
direcflor  that  is  in  contacl  with  the  condu6lor  : 
or  he  may  be  connefted  with  the  condudlor, 
and  rubbed  with  a  brafs  ball  which  commnnicates 
with  the  ground.  The  friction  thus  produced 
is  evidently  more  penetrating,  more  adlive,  and 
more  powerful,  than  that  which  is  communicated 
by  the  flefh  bruOi ;  and  there  is,  I  apprehend, 
very  little  fear  of  being  thought  too  fanguine, 
if  I  affert,  that  this,  when  ufed  but  for  a  few 
minutes,  will  be  found  more  efficacious  than  the 
other,  after  feveral  hours  application. — Eledri- 
city  applies  here  with  peculiar  propriety  to  fpafm, 
pleurify,  and  fome  fiagcs  of  the  palfy,  and  in 
every  cafe  anfw^ers  the  end  of  bliftering  where 
the  difcharge  is  not  wanted,  being  the  mofl  fafc 
and  powerful  flimulant  we  know. 


..  B: 
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4,  By     taking    strong   Sparks    from   th5 

Patient* 

Here,  as  in  every  other  cafe,  the  operator  may 
conned  the  ball  of  the  diredor  with  the  pofitive 
or  negative  conduQor,  or  he  may  conned  the 
patient  with  either  of  thefe  and  the  ball  with  the 
ground ;  now  it  is  clear  from  what  has  been 
already  laid  down,  that  if  the  diredor  be  con- 
nected with  the  pofitive  condador,  the  fluid  is 
thrown  upon  the  patient,  if  with  the  cufhion 
the  fluid  is  ex  traded  from  him.  Let  the  patient 
be  infulated,  and  the  adion  is  in  fome  meafure 
reverfed  ;  if  he  is  joined  to  the  negative  conduc- 
tor or  cufhion,  he  will  receive  a  fpark  from  a 
perfon  ftanding  on  the  fioor ;  but  if  he  com^ 
municates  with  the  pofitive  conductor,  he  will 
give  the  fpark  to  the  perfon  on  the  ground. 

5.  By  causing  a  Current  of  the  Electric 
Fluid  to  pass  from  one  Part  of  the 
body^  and  thus  confining  and  concen- 
TRATING     it's    Operation  without   com-, 

MUNICATING    THE  ShOCK. 

Rr  Plac^ 
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Place  the  patient  in  an  infulated  chair,  and 
tauch  one  part  of  the  body  with  a  diredlor,  join- 
ed to  a  poiitive  conductor  ;  then  with  a  brafs 
ball  communicating  with  the  ground,  touch 
another  part,  and  when  the  machine  is  in  adlion 
the  fluid  will  pafs  through  the  required  part, 
from  the  conductor  to  the  ball ;  the  force  of  the 
ftream  will  be  different  according  to  the  ftrengtb 
of  the  machine,  &:c.  Or  connect  one  direclor 
with  the  cufliion  and  the  other  with  the  poiitive 
conduclor,  and  apply  thefe  to  the  part  through 
which  the  fluid  is  to  pafs,  and  when  the  machine 
is  in  action  the  eledlricity  willj)afs  from  one  ball 
to  the  other.  It  is  not  neceilary  to  infulate  the 
patient  in  this  cafe. 

6.  By  the  Shock, 

Which  m.ay  be  given  to  any  part  of  the  human 
body,  by  introducing  that  part  of  the  body  into 
the  circuit  which  is  made  between  the  outfidc 
and  infide  of  the  bottle.  This  is  conveniently 
effeded,  by  connecting  one  diredor  by  a  piece 
of  wire  with  the  eledtrometer,  and  the  other 
with  the  outfide  of  the  bottle;  then  hold  the 
directors  by  their  glafs  handles,  and  apply  the 
balls  of  them  to  the  extremity  of  the  parts  through 

which 
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which  the  Ihocks  are  to  be  pafTed.  The  force 
of  the  fhock^  as  we  have  ah'eady  obferved,  is 
augmented  or  diminifhed  by  increafing  or  lellen- 
ing  the  diftance  between  the  two  balls,  which 
muft  be  regulated  by  the  operator  to  the  ftrength 
and  fcnfibility  of  the  patient.  When  the  little 
bottle  with  the  glafs  tube  is  ufed  as  a  common 
bottle,  both  wires  are  to  be  left  there,  and  the 
fliock  is  communicated  by  two  diredors,  one 
connected  with  the  bottom,  the  other  with  the 
top  by  means  of  the  electrometer.  (See  the 
plate  facing  the  title-page  of  this  ElTay.)  The 
operator  will  often  find  himfelf  embarraffed  in 
giving  fmall  ihocks,  the  fluid  pailing  fromi  the 
conductor  to  the  ball  of  the  eledlrometer,  inftead 
of  going  through  the  circuits  he  delires :  when 
this  happens,  which  may  be  known  by  the  chat- 
tering noife  of  the  fpark  in  palling  to  the  electro- 
meter, the  refi(>ance  formed  to  the  difcharge  is 
fo  gi^eat,_  rhat  the  Suid  cannot  force  it's  way 
through  the  circuit ;  to  remedy  this,  and  leiTen 
the  refinance,  pafs  two  metallic  pins  through 
the  cloathing,  fo  that  they  may  be  in  contacfl 
with  the  Ikin,  which  will  leiTen  the  reliftance  and 
conduct  the  fluid. 
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7.  By  a  Sensation  between  a  Shock  and 
THE  Spark,  which  does  not  communi- 
cate THAT  disagreeable  FeELING  ATTEND- 
ING THE  COMMON  ShOCK. 

This  is  effeded  by  taking  out  the  long  wire 
from  the  fmall  medical  bottle,  and  leaving  the 
fhorter  one  which  is  connedled  with  the  tube  in 
it's  place,  the  directors  to  be  connected  and  ufcd 
as  before.  In  lefTening  this  vibratory  fhock  the 
electrometer  may  be  drawn  to  a  much  greater 
diftance  ;  for  the  rapidity  with  which  the  charge 
of  the  bottle  fends  forward  the  charge  of  the 
tube,  isfufficicnt  to  overcome  the  refiliance  of  a 
large  body  of  air.  The  eifedl  of  this  fpecies  of 
Ihock,  if  it  may  be  called  one,  is  to  produce  a 
great  vibration  in  the  mufcular  fibres,  without 
inducing  that  pungent  fenfation  which  the  fliock 
efle6ls.  It  is  therefore  applicable  to  fome  ftages 
ofpalfy  and  rheumatifm ;  it  may  alfp  ferve  a^ 
an  artificial  means  of  exercifca 

8.  By    THE   Bottle  Director, 

Infulate  the  patient,  and  place  the  ball  g  m 
cpntad  with  him,  by  which  means  this  diredor 

is 
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U  charged.  Now  if  a  wire  is  conveyed  from  the 
bottom  of  this  to  the  top  of  another  director, 
the  bottle  direQor,  fig^  1 1 9,  plate  V.  will  be 
difcharged  whenever  the  ball  b  is  brought  in 
contadl  with  the  patient,  fo  that  by  bringing  it 
down  with  rapidity  any  number  of  fmall  fliocks 
may  be  procured  in  a  minute.  Or  connedl  the 
infulated  patient  with  the  top  or  iniide  of  a  large 
charged  jar,  and  then  this  apparatus  ufed  in  the 
foregoing  manner  will  difcharge,  from  the  large  jar 
at  each  fpark,  it*s  own  contents,  and  by  repetition 
difcharge  the  whole  jar ;  thus  a  number  of  (hocks 
may  be  given  without  continually  turning  the 
machine,  or  employing  an  ailiftant, 

Q,    B^    PASSING  THE    WHOLE    FlUID   CONTAINED 

IN   THE  Leyden  Phial  through  a  diseased 
Part  without  giving  the  Shock. 

Connedt  a  direclor,  by  means  of  a  wire,  with 
the  ball  of  a  Leyden  jar ;  charge  the  jar  either 
completely  or  partially,  and  then  apply  the  ball 
or  point  of  the  conductor  to  the  part  intended 
to  be  eledlrified,  and  the  fluid  which  was  con- 
denfed  in  the  phial  will  be  thrown  on  the  part 
in  a  denfe  flow  flream,  attended  with  a  pungent 
fenfation,  which  produces  a  confiderable  degree 
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of  warmth.  If  a  wire  that  communicates  with 
the  ground  is  placed  oppofite  to  the  end  of  the 
direSior,  the  pafiage  of  the  fluid  will  be  rendered 
Kiore  rapid,' and  the  fenfation  ftronger.  Or 
infuiate  the  patieni:,  connecl  him  with  the  top  of 
ajar,  charge  this,  and  then  apply  a  metal  wire 
or  piece  of  wood  to  the  part  through  which  you 
mean  to  make  the  fluid  pafs.  It  is  obvious^  that 
in  this  cafe  the  circuit  between  the  iniide  and* 
the  outlide  of  the  jar  is  not  completed^  therefore 
the  fl"iock  will  not  be  felt.  The  condenfed  fluid 
paiTes  in  a  denfe  flow  fcream  through  the  required 
part,  while  the  outude  acquires  a  fufficient 
quantity  from  fubftanccs  near  it  to  reftore  the 
equilibrium. 

it  is  in  all  cafes  mofl:  advifable  to  begin  with 
the  more  gentle  operations,  and  proceed  gra- 
dually to  increafe  the  force,  as  the  Itrength  and 
conflitution  of  the  patient,  or  the  nature  of  the 
diforder  requires.  The  frream  from  a  wooden 
point,  a  wooden  ball,  or  brafs  point,,  may  be  • 
flrft  ufcd ;  fparks,  if  neceflary,  may  then  be 
taken,  or  fmall  fhocks  given, 

In  rheumatic  cafes,  the  eledlric  friBion  is 
generally  ufed.  If  the  pains  are  local,  fmall 
ihocks  may  be  given.  To  relieve  the  tooth-ach, 
very  fmall  fiiocks  may  be  pafied  through  the 
(tooth  ;   oi",   cover  the  part  affeCied  with  flannel, 

and 
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and  rub  it  with  a  director,  communicating  with 
the  machine. 

In  inflammations,  and  other  diforders  of  the 
eyes,  the  fluid  fhould  be  thrown  from  a  wooden 
point :  the  fenfation  here  produced  is  that  of 
a  gentle  cooUng  wind ;  but,  at  the  fame  time, 
it  generates  a  genial  warmth  in  the  part  affedled. 

In  palfles,  the  eledric  friction  and  fmall  fliocks 
are  adminiflered.  Streams  of  the  fluid  Ihould 
always  be  made  to  pafs  through  the  aifedled  part. 

The  only  treatife  we  have  yet  had  from  the 
Faculty,  on  the  fubjedl:  of  Medical  Eledlricity, 
is  a  pamphlet  intitled,  "  Conliderations  on  the 
Efficacy  of  Eledlricity  in  removing  Female  Ob- 
fl:ru6tions/'  by  Mr.  Birch;  to  whom  I  am 
indebted  for  a  variety  of  important  obfervations 
and  pradical  remarks  on  the  different  branches 
of  eledricity  ;  and  if  it's  merits  were  to  be  con- 
fined to  this  difeafe  alone,  (in  which  it  may  be 
reckoned  a  fpeciflc)  it  would  be  intitled  to  the 
attention  of  praditioners ;  but  we  have  reafon  to 
expe6l  much  more  from  it,  fmce  the  prejudices 
of  the  Faculty  feem  removed,  and  the  pradlicc 
is  becoming  miOre  general  every  day. 

CHAR 
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CHAR    XVL 

Miscellaneous  Experiments  and   0^serva-> 

TIONS. 

THE  difpute  concerning  the  preferable  utility 
of  pointed  or  knobbed  condu8:ors,  for  fe- 
curing  buildings  from  lightning,  occafioned  the 
fetting  up  a  more  magnificent  apparatus  than 
had  ever  appeared  before.  An  immenfe  conduc- 
tor was  conil:rud:ed,  at  the  expence  of  the 
Board  of  Ordnance,  and  fufpended  in  the  Pan- 
theon, under  the  direction  of  Mr.  Wilfon.  It 
confifted  of  a  great  number  of  drums  covered 
with  tin-foil,  which  formed  a  cylinder  of  about 
155  feet  in  length,  and  more  than  16  inches  in 
diameter ;  and  to  this  vaft  condudlor  were  oc- 
calionally  added  4800  yards  of  wire.  The  elec- 
tric blafi:  from  this  machine  fired  gun-powder  in 
the  mofl:  unfavourable  circumflances,  namely, 
when  it  was  drawn  off  by  a  fharp  point.  The 
method  of  doing  it  was  as  follows  :  upon  a  flaff 
of  baked  wood  a  ftem  of  brafs  was  fixed,  which 
terminated  in  an  iron  point  at  the  top  ;  this  point 
was  put  into  the  end  of  a  fmall  tube  of  India- 
paper,  made  fomewhat  in  the  form  of  a  car- 
tridge. 
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tridge,  about  an  inch  and  a  quarter  long,  and 
two  tenths  of  an  inch  in  diameter,  when  the 
cartridge  was  filled  with  comnnon  gun-pow^der 
unbruifed ;  a  wire,  comnaunicating  with  the 
earth,  was  then  faftened  to  the  bottom  of  the 
brafs  ftem.  The  charge  of  the  great  cylinder 
being  continually  kept  up  by  the  motion  of  the 
wheel,  the  top  of  the  cartridge  was  brought 
very  near  the  drums,  fo  that  it  frequently 
touched  the  tin-foil  with  which  they  were 
covered.  In  this  fituation,  a  fmall,  faint,  lumi- 
nous ftream  was  frequently  obferved  between  the 
top  of  the  cartridge  and  the  metal.  Sometimes 
this  flream  w^ould  fet  fire  to  the  gun-powder  the 
moment  it  was  applied ;  at  others,  it  would 
require  half  a  minute  or  more  before  it  took 
effedl.  This  difference  in  time  was  fuppofed 
to  be  owing  to  fome  fmall  degree  of  moiflure  in 
the  powder,  or  the  paper. 

Gun-powder  n:iay  alfo  be  fired  by  a  ftream 
from  a  large  charged  Leyden  jar,  in  the  following 
manner : 

Experiment  ccxiv. — Fix  a  fmall  cartridge 
on  a  metallic  point,  which  is  fitted  to  a  wooden 
or  glafs  handle  ;  make  a  communication  from 
the  wire  to  the  ground,  then  prefent  the  cartridge 
to  the  knob  of  the  phial,  and  the  gun-powder 

S  f  will 


^^o  An  Essay   om 

will  be  fired  by  the  palTage  of  the  eleclric  fifeam 
through  the  cartridge.  Tinder,  or  touch-wood^ 
placed  in  a  metal  cup,  may  be  lighted  by  pafling 
the  flream  from  the  iniide  of  the  jar  through 
them,  as  in  the  foregoing  experiment,  without 
completing  the  circuit. 

As  it  therefore  appears,  that  die  eledric  fluid, 
when  it  moves  through  bodies,  either  with  great 
rapidity,  or  in  great  quantities,  will  fet  them  on 
fire,  it  is  fcarce  difputable,  that  this  fluid  is  the 
fame  with  the  element  of  fire. 

Experiment  ccxv. — To  fire  the  fmall  elec-. 
trical  cannon,  charge  it  with  gun-powder  in  the 
ufual  manner,  then  fill  the  ivory  touch -hole  with 
gun-powder,  ram  it  well  down,  and  puih  the 
brafs  pin  down,  fo  that  the  end  of  it  may  be 
near  the  bottom  of  the  hole ;  make  a  communi- 
cation between  the  outfide  of  a  large  charged 
jar  or  battery  and  the  body  of  the  cannon,  by 
placing  one  end  of  the  difcharging  rod  on  the 
pin  which  palTes  down  the  touch-hole,  and  bring 
the  other  end  to  the  knob  of  the  jar,  and  the 
difcharge  will  fire  the  powder. 

Experiment  ccxvi. — Fig.  89  is  a  perfpedlivc 
view  of  the  powder-houfe ;  the  fide  of  the  roof 
next  the  eye  being  omitted,  that  the  infide  may 
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be  more  conveniently  feen.  The  front  of  this 
model  is  fitted  up  like  the  thunder-houfe,  and 
is  ufed  in  the  fame  manner ;  the  fides  of  the 
houfe,  the  back,  and  fore-front,  are  joined  to  the 
bottom  by  hinges;  the  roof  is  divided  into  two 
parts,  which  are  alfo  faftened  by  hinges  to  the 
fides ;  the  building  is  kept  together  by  a  ridge  on 
the  roof;  when  the  roof  is  blown  up,  it  will  fall 
down  with  the  fides,  the  back,  and  fore-front.  To 
ufe  this  model,  fill  the  fmall  tube  a  with  gun- 
powder, and  ram  the  wire  c  a  fmall  way  in  the  tube, 
then  conned  the  hook  e  with  the  bottom  of  a  large 
jar  or  battery ;  when  the  jar  is  charged,  form  a 
communication  from  the  hook  d  to  the  top  of 
the  jar ;  the  difcharge  will  fire  the  powder,  and 
the  explofion  of  the  gun-powder  will  throw  off 
the  roof,  and  the  fides,  the  fore  and  back  fronts 
will  then  all  fall  down. 

Fig.  90  reprefents  a  v/ooden  pyramid,  de- 
iigned  to  fhew  the  experiments  which  are  made 
with  the  thunder-houfe,  and  is  ufed  in  the  fame 
manner.  When  the  piece  a  is  thrown  out  by 
the  difcharge,  the  upper  par|  of  the  pyramid 
falls  down. 

Experiment  ccxvii.— Fix  the  ladle  I,  fig.  33, 
into  a  hole  at  the  end  of  the  condudor.  Place 
ft  broad  piece  of  camphor  in  the  ladle,  fet  the 
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tipper  furface  of  the  camphor  on  fire,  let  it  burrl 
fome  time,  then  extinguiih  it,  and  put  the  ma- 
chine in  adlion  ;  the  upper  furface  of  the  cam- 
phor will  throw  out  a  variety  of  fmall  {hoots, 
and  have  the  appearance  of  an  imperfed:  vegeta- 
tion, which  is  foon  difperfed  in  the  air  if  the 
machine  is  continued  in  aBion,  but  will  lafl: 
fome  time  if  the  eledlrization  is  flopped  as 
foon  as  the  (hooting  of  the  Camphor  has  taken 
place.  *  .  ■ 

Experiment  ccxviii. — Wrap  fome  loofe  cot- 
ton, which  has  been  previoufly  rolled  in  fine 
powder  of  yellow  refin,  round  one  of  the  balls 
of  a  difcharging  rod,  and  hold  the  other  end 
to  the  outward  coating  of  a  charged  jar;  then 
bring  the  knob  with  the  reiin  towards  the  ball 
of  the  jar,  and  the  explofion  will  fire  the  refin, 
#nd  this  wdll  communicate  the  flame  to  the  cot- 
ton. 

Fig.  91  reprefents  the  inflammable  air  lamp, 
invented  by  Mr.  Volta.  A  is  a  glafs  globe  to 
contain  the  inflammable  air,  B  a  glafs  bafon,  or 
refervoir,  to  hold  water ;  D  is  a  cock,  which  is 
to  form  occafionally  a  communication  between 
the  refervoir  of  water  B,  and  that  of  air  A ;  the 
water  pafles  into  the  latter  through  the  metal 
pipe  ggy   which  is  fixed  to  the  upper  part  of  the 

'        ■   refervoir 


Electricity.  333 

refervoir  A;  as  j  is  a  fmall  cock,  to  cut  off,  or 
open  a  communication  with,  the  air  in  the  ball, 
and  the  jet  K-  N  is  a  fmall  pipe  to  hold  a  piece 
of  wax  taper,  L  a  brafs  pillar,  on  the  top  of 
ivhich  is  a  brafs  ball ;  ^  is  a  pillar  of  glafs,  fur- 
nifhed  at  top  with  a  focket  ;  a  wire  h  Aides  in 
this  focket-,  a  ball  is  fcrewed  on  to  the  end  of  the 
wire.  F  is  a  cock,  by  which  the  ball  A  is  filled 
with  inflammable  air,  and  which  afterwards 
ferv^s  to  confine  the  air  and  the  water  that  falls 
from  the  bafon  B  into  die  ball  A. 

To  ufe  this  inftrument,  after  having  filled 
the  refervoir  A  with  pure  infiamniable  air,  and 
the  bafon  with  water,  turn  the  cocks  D  and  S, 
and  the  water  which  falls  from  the  bafon  B  will 
force  out  fome  of  the  inflammable  air,  and  caufe 
it  to  pafs  through  the  jet  K  into  the  air.  If  an 
ele6lric  fpark  is  made  to  pafs  from  the  brafs  ball 
m  to  the  brafs  ball  Uy  the  inflammable  jet,  which 
pafles  through  the  pipe  K,  will  be  fired.  To 
cxtinguifh  the  lamp,  ihut  firft  the  cock  S,  and 
then  the  cock  D. 

To  fill  the  refervoir  A  a  with  inflammable  air, 
which  is  to  be  made  in  the  ufual  manner,  and 
-with  the  ufual  apparatus,  having  previoufly  filled 
A  with  water,  place  the  foot  R  under  water,  on 
a  board  or  ftool  in  a  large  tub  of  water,  that  the 
bent  glafs  tube,  through  which  the  inflammable 
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air  palTcs,  may  pafs  commodioufly  under  the  foot 
of  the  lamp  J  when  the  air  has  nearly  driven  out 
all  the  water,  turn  the  cock  F,  and  the  apparatus 
is  ready  for  uCe,  This  inftrument  is  convenient 
topreferve^a  quantity  of  inflammable  air  ready 
for  any  occaiional  experinient,  as  charging  the 
infiarnnaable  air  piflol^  &c.  It  is  alfo  convenient 
to  light  a  candle  for  occonomical  purpofes,  as 
the  fmalieft  fpark  from  an  eleclrophorus,  or  a 
fmall  bottle,  is  fufhcient  to  fire  the  air, 

A  fmall  battery  of  inflammable  air  piflols  is 
©ccaflonally  made,  that  affords  confiderable 
amufcmenr ;  as  either  one  pifl:ol,  or  the  whole 
together,  may  be  fired  at  the  pleafure  of  the 
operator. 

The  Following  experiment  was  made  by  Mr, 
Kinnerfly  with  his  eleflrical  thermometer,  which 
is  defcribed  in  page  48  of  this  EfTay. 

Experiment  ccxix. — Having  put  fomc  tin- 
ged water  into  the  large  tube,  he  placed  the  tw^o 
wires  within  the  tube  in  contadt,  and  palTed  a 
large  charge  of  electricity  from  above  thirty 
iquare  feet  of  coated  glafs,  which  produced  no 
rarefadlion  in  the  air,  and  fhew^d  that  the  wires 
v.^ere  not  heated  by  the  fire  paiTing  through 
them.  When  the  v/ires  were  about  two  inches 
afunder,   the  charge  of  a  three-pint  bottle,  dart- 
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Ing  from  one  to  the  other,  rarefied  the  air  very 
evidently.  The  charge  of  a  jar,  which  contained 
about  five  gallons  and  a  half,  darting  from  wire 
to  wire,  occafioned  a  very  conliderabie  expan* 
fion  in  the  air ;  and  the  charge  of  a  batter)^  of 
thirty  fquare  feet  of  coated  glafs  would  raifc  the 
water  in  the  fmall  tube  quit€  to  the  top :  upon 
the  coalefcing  of  the  air,  the  column  of  water 
inftantly  fublided,  till  it  was  in  equilibrio  witli 
the  rarefied  air;  then  gradually  defcending 
as  the  air  cooled,  fettled  where  it  flood  before. 
By  carefully  obferving  at  w^hat  height  the  de- 
fcending water  firft  flopped,  the  degree  of  rar^ 
fadtion  might  be  eafily  difcovered. 

'1  Experiment  ccxx. — Take  a  giafs  tube,  about 
Tour  inches  long,  one  quarter  of  an  inch  in  dia« 
meter,  and  open  at  both  ends;  moiften  the  in* 
lide  of  the  tube  with  oil  of  tartar  per  deliquium, 
then  fix  two  pieces  of  cork  into  the  ends  of  the 
tube,  and  pafs  a  wire  through  each  cork,  fo  that 
the  ends  of  the  wires  which  are  within  the  tube 
may  be  about  three  quarters  of  an  inch  afunder« 
Connedl  one  wire  with  the  outfide  coating  of  a 
large  jar,  and  form  a  communication  from  the 
other  to  the  ball  of  the  jar,  fo  as  to  pafs  thedif- 
charge   through  the  tube  5    repeat  this  feveral 
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times,  and  the  oil  of  tartar  will  very  often  give 
manifeil  iigns  of  cryftalization.* 

Experiment  ccxxi.— Charge  a  Leyden  phial^ 
(the  top  of  which  is  cemented  into  the  bottle) 
place  it  upon  an  infulated  fiand,  and  then  take 
hold  of  it  by  the  ball,  and  prefent  the  coated 
furface  towards  the  condeniing  ball  of  a  prime 
condu6lor  while  the  cyHnder  is  charging,  and 
a  large  brufh  and  fpark  v/ill  pafs  between  the 
coating  of  the  bottle  and  the  ball  of  the  con- 
du6lor,  from  four  to  twelve  inches  and  upwards 
in  length. 

Experiment  ccxxii. — Take  fome  of  the  pow- 
der of  Canton's  phofphorus,  and  by  means  of  a 
little  fpirit  of  wine,  ftick  it  all  over  the  infide 
of  a  clean  glafs  phial,  then  flop  the  bottle,  and 
keep  it  from  the  light.  To  illuminate  this 
phofphorus,  draw  feveral  ftrong  fparks  from  the 
condudlor,  keeping  the  phial  about  two  or  three 
inches  from  the  fparks,  fo  that  it  may  be  ex- 
pofed  to  their  light;  the  phial  will  afterwards 
appear  luminous,  and  remain  fo  for  a  conlider- 
#ible  time. 

Experiment 

*  Cavallo  on  Medical  Eleftricity,  p.  117. 
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Experiment  ccxxiii. — Cut  out  in  pafleboard, 
or  foft  wood,   the  figure  of  a  crefcent  or  any  of 
the  planets ;   cover  this  equally  with  the  white 
of  an  egg  beat  up  till  it  is  quite  fnnooth,  over 
which  fift   the  phofphorus  through  a  fine  lawn 
fieve,   then  let  it  dry,  and  blow  off  all  that  is 
not  fixed  by  the  egg.     To   make  the   experi- 
ment, place   the  objecl  in  the  communication 
between  two  direcflors,    and  difcharge  the  jar, 
when  the  whole  will  become  beautifully  lumi- 
nous ;   care  muft  however  be  taken  to  hold  the 
dircdtors  at    a  little    diftance    above  the  phof- 
phorus, for   if  it  palTes  through  it,  the  whole 
of  the  powder  in  the  track  of  the  fluid  will  be 
torn  off. 

Place  a  finall  key  on  the  phofphorus,  and  dif- 
charge a  Leyden  phial  over  the  phofphorus,  and 
then  throw  the  key  off  from  it,  and  when  it  is 
exhibited  in  the  dark,  the  form  of  the  key  and 
all  it's  wards  will  be  perfectly  feen. 

As  the  experiments  on  phofphorus  are  in 
themfelves  exceedingly  curious,  and  appear  to 
me  to  be  intimately  connedied  with  the  nature 
of  electricity,  I  hope  I  (liall  not  be  thought  to 
have  deviated  too  far  from  the  fubjeQ  of  this 
EfTay,  by  introducing  fome  experiments  of  Mr, 
Wilfon  on  thisfubjecl;  the  more  fo,  as  the  pro- 
ducing the  prifmatic  colours  is  by  no  means  dif- 
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ficult,  as  little  more  is  required  than  a  few 
oyfter-ihells,  and  a  good  fire  of  any  kind.  For, 
if  thofe  fhells  are  thrown  careiefsly  into  the  mid- 
dle of  the  fire,  and  continued  there  for  a  proper 
time,  (which  may  be  for  ten  minutes,  a  quarter, 
half,  or  three  quarters  of  an  hour,  according  to 
the  thicknefs  and  compa6lnefs  of  the  fhells,  and 
the  degree  of  fire  they  are  expofed  to)  they  will 
exhibit  lively  prifmadc  colours,  after  they  are 
removed  from  the  fun  into  the  dark  fuddenly, 
and  the  eyes  have  been  previoully  prepared  a 
little  to  receive  them.  Mr.  Wilfon  excited  alfa 
the  light  of  thefe  fhells  with  eledricity  in  the 
following  manner. 

Experiment  ccxxiv. — He  placed  upon  a  me- 
tal ftand,  which  was  rounded  at  top,  and  about 
half  an  inch  in  diameter,  a  prepared  fhell,  that 
would  exhibit  the  prifmatic  colours  very  lively 
on  the  upper  furface  of  this  fhell,  and  near  the 
middle,  where  the  colour-making  parts  predo^ 
minated,  he  brought  the  end  of  a  metal  rod,  and 
then  conneBed  the  two  metals  properly  with  the 
coatings  of  a  charged  phial,  in  order  to  difcharge 
the  fluid.  In  this  circuit  there  was  left,  defign- 
edly,  an  interval  of  about  three  inches,  unoccu- 
pied by  metal,  and  next  one  fide  of  the  glafs ; 
the  difcharge  was  made  by  completing  the  cir- 
cuit 
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tuii  with  metal  where  the  interval  was  left.  The 
fhell,  at  that  inftant,  was  lighted  up  to  an  ex- 
ceeding great  advantage,  fo  that  all  the  colours 
appeared  perfedlly  diftindl,  and  in  their  refpec- 
tive  places,  anfv/ering  to  their  different  colour- 
making  parts.  Thefe  colours  continued  vifible 
feveral  minutes,  and  when  they  ceafed  to  appear^ 
a  white  purplifh  light  occupied  their  places, 
which  lalted  for  a  coniiderable  time.  And  not- 
withftanding  this  experiment  was  repeated  with 
the  fame  and  other  fhells,  the  colours  continued 
in  their  refpedtive  places,  and  nearly  of  the  fame 
degree  of  brilliancy  ;  excepting,  that  in  or  near 
thofe  parts  where  the  exploiion  took  place  a  few 
fcales  were  driven  off. 

Experiment  ccxxv. — Which  proves,  thaj: 
bodies  of  the  fame  nature,  but  of  different  vo- 
lumes and  different  maffes,  are  charged  with 
eledlrical  matter  only  in  proportion  to  their  fur- 
face,  without  any  influence  or  concurrence  of 
their  maffes  in  this  cafe. 

The  following  experiment,  which  we  fhall 
give  in  Mr.  Achard's  own  words,  feems  to  de- 
cide this  queffion,  on  which  philofophers  have 
entertained  very  different  opinions. 

I  eledlrified  (fays  he)  a  cylindrical,  hollow 
brafs  conduSor,  feven  inches  long,  andi  one  and 
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a  half  m  diameter':  when  it  had  acquired  forty 
degrees  of  eledlricity,  I  drew  from  it  a  fpark, 
with  a  condu8:or  of  hollow  brafs,  of  feven  inches 
long,  and  one  and  a  half  in  diameter,  which 
weighed  eight  ounces,  and  was  carefully  infu- 
lated.  The  firft  conduQor  lod  fifteen  degrees 
of  it's  eledtricity.  I  repeated  the  fame  experi- 
ment, when  the  conductor  had  thirty  degrees 
of  electricity,  and  then  it  lojl:  ten  degrees.  Fi- 
nally, when  the  conduclor  had  twenty  degrees 
of  eledlricity,  it  loll  only  feven  by  it's  inftan- 
taneous  contad:  with  the  fame  cylinder.  After 
having  filled  this  cylinder  with  lead,  which  pro- 
duced an  addition  of  five  pounds  to  it's  weight, 
and  confequently  to  it's  mafs,  I  repeated  the 
fame  experiments,  and  obtained  from  them  the 
yery  fame  refults. 

This  is  followed  by  other  experiments,  which 
are  a  further  confirmation  of  Mr.  Achard's 
opinion. 

Thefe  experiments  fhew,  ifl.  That  bodies  of 
an  equal  furface,  but  different  in  mafs,  when 
they  are  placed  in  the  fame  circumflances,  are 
charged  v/ ith  an  equal  quantity  of  eledlrical  mat- 
ter; and  2dly,  That  bodies  equal  in  mafs,  but 
different  in  extent  of  furface,  when  they  are 
placed  in  fimilar  circumftances,  are  charged 
with  an  unequal  quantity  of  eleQrical  matter, 

and 
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and  that  the  body,  whofe  furface  is  larger,  re- 
ceives more  than  that  whofe  furface  is  lefs. 
Therefore,  it  is  in  proportion  to  their  furfaces, 
and  not  to  their  mafs,  that  bodies  are  charged 
with  a  greater  or  lefs  quantity  of  the  eledlrical 
fluid. 

Before  thefe  experiments  were  m^ade,  it  had 
been  obferved,  that  the  extreme  fubtility,  and, 
in  moft  cafes,  invifibihty  of  the  electric  fluid, 
render  all  reafoning  about  it's  motion  preca- 
rious. It  is  however  incredible,  that  this  fluid, 
fhould  pafs  through  the  very  fubfl:ance  of  me- 
tallic bodies,  and  not  be  retarded  by  their  folid 
particles.  In  thofe  cafes,  where  the  folid  parts  of 
metals  are  evidently  penetrated,  i.  e.  when  wires 
are  exploded,  there  is  a  manifeft  refi fiance,  for 
the  parts  of  the  wire  are  fcattered  about  with 
violence  in  all  diredlions. 

The  like  happened  in  Dr.  Prieftley's  circles, 
made  on  fmooch  pieces  of  metal.  Part  of  the 
metal  was  alfo  difperfed  and  thrown  off,  for  the 
circular  fpots  were  compofed  of  little  cavities. 
If  therefore  the  fluid  was  difperfed  throughout 
the  fubflance,  and  not  over  the  furface  of  the 
metal,  it  is  plain,  that  a  wire,  whofe  diameter 
is  equal  to  one  of  thofe  circular  fpots,  ought  alfo 
to  have  been  deftroyed  by  an  explofion  of  equal 
ftrength  fent  through  it ;  whereas  a  wire,  whofe 
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diameter  is  equal  to  one  of  thofe  fpots,  would 
without  injury  condudt  a  fliock  ^uch  greater  than 
zny  battery  hitherto  conlirud/ed  could  give.  It 
is  moft  probable,  therefore,  that  though  ^(iolent 
fiafrtes  of  cledriciry,  which  acl  alfo  as  fire^  will 
enter  into  the  fubftance  of  metals  and  conlbme 
them,  yet  it  immediately'difperfes  itfelf  over  their 
furface,  without  entering  their  fubftance  any 
more,  till  being  forced  to  colledl  itfelf  into  a 
Barrow  compafs,  it  again  adls  as  fire. 

In  many  cafes  the  electric  fluid  will  be  con- 
dudled  very  well  by  metals  reduced  to  a  mere 
furface.  A  piece  of  white  paper  will  not  con- 
dud  a  fliock,  without  being  torn  to  pieces,  as 
k  is  an  electric  fubftance  ;  but  a  line  drawn  on  it 
with  a  black  lead  pencil  will  fafely  convey  the 
charge  of  feveral  jars.  It  is  impoflible  we  can 
think,  that  the  hre  here  pafles  through  the 
suBs-mNCE  or  the  black  lead  ftroke ;  it  mud  run 
over  it's  furface ;  and  if  we  coniider  fome  of 
the  properties  of  metals,  we  fhall  find  that  there 
is  great  reafon  to  fuppofe,  that  their  conducting 
power  lies  in  their  furface. 

Fig.  92  reprefents  a  fmall  glafs  tube,  flopped 
at  one  end  with  a  piece  of  cork ;  ^  is  a  wire 
which  palTes  through  a  piece  of  cork,  fitted  into 
the  other  end  of  the  tube  ;  the  upper  part  of  the 
wire  is  furnifhed  with  a  brafs  ball ;  the  end  of 
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the  wire  within  the  tube  is  bent  at  right  angks 
to  the  reft  of  the  wire. 


Experiment  ccxxvi. — Take  out  the  upper 
cork  and  wire;  pour  fome  fallad  oil  into  this 
tube,  and  then  fit  in  the  cork,  and  pufh  down 
the  wire,  fo  that  the  end  of  it  may  be  near  or 
rather  below  the  furface  of  the  oil ;  prefent 
the  ball  towards  a  prime  conductor,  holding  the 
finger  or  any  other  non-condu6lor  oppofii^ 
the  bent  end  of  the  wire,  and  when  a  fpark 
pafTes  from  the  conduclor  to  the  brafs  ball, 
another  will  pafs  from  the  end  of  the  wire, 
and  perforate  the  glafs  ;  the  oil  will  be  curiouil/ 
agitated. 

This  experiment  appears  more  beautiful  whai 
it  is  made  in  the  dark.  After  the  firft  hole  is 
made,  turn  the  end  of  the  wire  round  towards 
another  part  of  the  glafs  tube,  and  a  fccond  hole 
may  be  made  in  the  fame  manner.  This  experi- 
ment was  communicated  to  me  by  the  Rev.  Mr. 
Morgan,  of  Norwich,  who  has  carried  it  much 
farther,  by  filling  fmall  bottles  with  cement,  and 
then  paiTmg  the  fhock  in  a  iimilar  mode  through 
them.  The  perforation  may  be  made  with  water 
in  the  tube  inftead  of  oil. 

Mr.  LuUen  produces  very  confiderable  efFedls 

by  pafling  the  lliock  through  wires  that  were 
^  inferted 
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inferted  in  tubes  iilled  with  oil.  The  fpark 
appears  larger  in  it's  paflage  through  oil,  than 
when  it  pafTes  through  water. 

Mr.  Viiette  filled  adilh  of  metal  with  oil^  and 
when  he  had  eleftrified  the  difli,  he  plunged 
a  needle  into  the  oil,  and  received  a  very  Itrong 
fpark  as  foon  as  the  point  of  it  came  within  a 
fmall  diftance  of  the  difli.  A  fmall  cork  ball 
being  made  to  fvvim  in  this  oil,  upon  the  ap- 
proach of  the  thick  end  of  the  ftalk  of  a  lime, 
it  plunged  to  the  bottom,  and  immediately  rofe 
up  again. 

Analogous  to  this  experiment  of  Mr.  Morgan 
are  fome  obfervations  of  Dr.  Prieflley,  who 
conftantly  found,  that  whenever  he  had  covered 
the  fractured  place  of  a  jar  with  any  kind  of 
cement  or  varnilli,  it  always  broke  at  the  place 
where  the  cement  terminated ;  there  the  glafs  was 
perforated,  and  a  new  fradture  was  made,  which 
had  no  communication  with  the  former.  The 
jar  always  broke  at  the  firft  charge,  generally 
before  it  had  received  half  it's  charge.  Struck 
with  this  phi^nomenon,  the  Doclor  proceeded  to 
try  the  experiment  on  a  jar  which  was  not  broken, 
and  w^hofe  ftrength  he  had  previoudy  afcertained 
by  repeated  difcharges :  he  took  off  a  little  of 
the  outiide  coating,  and  put  on  the  glafs  a  patch 
of  cement,  abouc   an  inch    in    diameter,  then 
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drawing  the  coating  over  it,  he  charged  the  jar  ;^ 
but  before  it  had  received  half  it's  charge,  it 
burft  by  a  fpontaneous  explofion,  not  indeed  at 
the  termination,  but  at  the  middle  of  the  patch 
of  cement,  where  the  giafs  was  thinneft.  He 
covered  another  entirely  with  cement,  and  it 
broke  near  the  bottom,  where  the  glafs  is  gene- 
rally thickeft.  A  jar  that  was  covered  entirely 
both  infide  and  outfide  with  cem.ent,  and  then 
coated  with  tin-foil,  burft  at  the  scry  firfl 
attempt  to  charge  it. 

Experiment  ccxxvii.-^— The  magic  picture  is 
a  COATED  pane  of  glafs,  proper  to  anfwer  the 
purpofe  of  the  Leyden  experiment ;  over  the 
coating  on  one  fide  is  pafted  a  picture,  on  the 
other  fide  a  piece  of  white  paper  is  paded^,  fo  as 
to  cover  the  whole  glafs ;  it  is  then  put  into  a 
frame,  with  the  pi61:ure  uppermoft,  and  a 
communication  is  formed  from  the  tin-foil  of  the 
under  fide  to  the  bottom  rail  of  the  frame  of  the 
pidlure,  which  rail  is  covered  with  tin-foil. 

Lay  the  picture  on  the  table,  with  the  print 
uppermoft,  and  a  piece  of  money  on  it ;  let  a 
chain  fall  from  the  condudlor  to  the  print,  turn 
the  cylinder,  and  the  plate  of  glafs  will  foon 
be  charged ;  now  take  hold  of  the  pidlure  by 
the  top  rail,  and  let  another  perfon   take  hold 
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of  the  bottom  rail,  and  endeavour  to  take  off  the 
piece  of  money  ;  in  doing  this  they  will  receive 
a  ftiock,  and  generally  fail  in  the  attempt. 

Experiment  ccxxviii. — Put  a  quantity  of 
brafs  dufl  into  a  coated  jar^  and  when  it  is  charged 
invert  it,  and  throw  fome  of  the  dull  out,  which 
will  be  fp read  in  an  equable  and  uniform  manner 
on  any  flat  furface,^  and  fall  juft  like  rain  or  fnow. 
May  it  not  be  queilioned,  fays  an  ingenious 
writer,  whether  water,  falling  from  the  higheft 
region  of  the  clouded  atmofphere,  would  not 
meet  the  earth  in  much  larger  drops,  or  in 
Gataradls,  if  the  coalefcing  pow^r  of  the  drops 
was  not  counteracted  by  their  eleQric  atmo- 
fphcrcs  ? 

Experiment  cexxix. — Place  a  piece  of  fmok- 
ing  wax-taper  on  the  prime  condudor ;  turn  the 
cylinder;  the  volume  of  fmoke  will  become 
more  contradled,  and  it's  motion  upward  ac- 
celerated. Take  off  the  electricity  of  the  con- 
du6lor,  and  fufpend  a  pair  of  pith  balls  over  it, 
and  about  five  feet  diilance  from  it,  turn  the 
machine,  and  in  a  few  feconds  the  balls  will 
open  half  an  inch ;  remove  the  taper,  and  the 
balls  will  not  feparate. 

This 
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This  experiment,  therefore,  clearly  evinces, 
that  fmoke  is  a  condudor  of  eledricity. 

Experiment  ccxxx. — Take  a  round  board, 
well  varnifhed,  and  lay  on  it  a  chain  in  a  fpiral 
form  ;  let  the  interior  end  of  the  chain  pafs 
through  the  board,  and  connect  it  with  the 
coating  of  a  large  jar;  fix  the  exterior  end  to  a 
difcharging  rod,  and  then  difcharge  the  jar ;  a 
beautiful  fpark  will  be  feen  at  every  link  of  the 
chain.  The  illuminations  to  be  produced  by  a 
^hain  are  capable  of  an  infinite  variety  of  mpdi- 
fications. 

Experiment  ccxxxi. — Place  fpots  of  tin-foil 
at  equal  diftances  from  each  orher,  on  a  piece  of 
bent  glafs,  and  let  the  ends  of  the  glafs  be  fur- 
nifhed  with  brafs  balls,  and  a  glafs  handle  be  fixed 
to  the  middle  of  the  bent  glafs.  The  inftrument 
will  ferve  as  a  difcharger,  and  at  the  fame  time 
exhibit,  at  each  feparation  of  the  tin-foil,  the 
clecftric  light. 

I  made  feveral  of  thefe  luminous  difcharging 
rods,  many  years  iince,  in  order  to  fhew,  that 
the  eledric  fluid  iffues  from  the  negative  and 
pofitive  coating  of  each  difcharge,  agreeable  to 
the  idea  conveyed  by  Mr.  At  wood's  experiments  ; 
fee   Exp.   120,   121,  122,  of  this  ElTay,     But  I 
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foon  foand,  that  the  circyit  qf  adifcharging  rod 
was  not  fufficiently  extenfive  for  the  purpofe. 

Experiment  ccxxxii.— Fig.  98  reprcfcnts 
feveral  fpiral  tubes,  placed  round  a  board ;  a 
glafs  pillar  is  fixed  to  the  board,  and  011  this 
pillar  is  cemented  a  metal  cap,  carrying  a  fmall 
Heel  point ;  a  brafs  wire,  furniflied  "vvith  a  ball 
at  each  end,  and  nicely  ballanced,  is  placed  on 
this  point:  place  the  middle  of  thjs  wire  undef 
a  ball  proceeding  from  the  condudor,  fo  that  it 
may  receive  a  continued  fpark  from  the  ball,  theri 
give  the  wire  a  rotative  motion,  and  the  balls 
in  revolving  will  give  a  fpark  to  each  ball  of  the 
fpiral  tube,  which  will  be  communicated  from 
thence  to  the  board  ;  forming,  from  the  briU 
liancy  of  the  light  and  it's  rapid  rnption^  a  very 
plenfing  experiment. 

Ail  thefe  experim.ents  on  the  interrupted  fpark 
may  be  pleaiingly  and  beautifully  varied,  and  the 
fpark  made  to  appear  of  different  colours,  at  the 
pleafure  of  the  opei;"jator. 

Experiment  ccxxxiii.—Sufpend  a  light  cork 
ball,  which  is  covered  over  with  tin-foil  or  gold- 
leaf,  by  a  pretty  long  filk  thread,  fo  as  juft  to 
touch  the  knob  of  a  charged  jar  placed  on  a  table ; 
it  vyill  be  firfl:   attracted  and  then  repelled   tP 
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feme  diftance,  where,  after  a  few  vibrations,  it 
will  remain  at  reft.  If  a  lighted  candle  is  now 
placed  at  fome  diflance  behind  it,  fo  that  the 
flame  of  the  candle  may  be  nearly  as  high  as  the 
knob  of  the  phial,  the  cork  will  inflantly  be 
agit2Lted>  and,  after  fome  irregular  motions,  will 
defcribe  a  curve  round  the  knob  of  the  phial,  and 
this  it  will  continue  to  do  for  fome  time. 

Fig.  96  and  97  reprefent  an  ele&ometer, 
nearly  flrnilar  to  that  contrived  by  Mr.  Brooke. 
The  two  inftruments  are  fom.etimes  combined 
in  one,  or  ufed  feparately,  as  in  thefe  figures. 
The  arms  F  H  f  k,  fig.  97,  when  in  ufe,  are 
to  be  placed  as  much  as  poilible  out  of  the  atmo- 
fphere  of  a  jar,  battery,  prime  conductor,  &c. 
The  arm  F  H  and  the  ball  K  are  made  of  copper, 
and  as  light  as  poifible.  The  divifions  on  the 
arm  F  H  are  each  of  them  exadlly  a  grain.  They 
^re  afcertained  at  firit  by  placing  grain  weighty 
on  a  brafs  ball  v/hich  is  within  the  ball  L,  (this 
ball  is  an  exaft  counterballance  to  the  arm  F  H 
and  th^  ball  K  when  the  fmall  flide  r  is  at  the 
firft  divifion)  and  then  removing  the  Aide  r  till 
it,  together  with  the  ball  K,  counterballances  the 
ball  L  and  the  weight  laid  on  it. 

A,  fig.  69,  is  a  dial-plate,  divided  into  90 
eqiial  parts.  The  index  of  this  plate  is  carried 
fjnce  round,    when    the   arm  B  C  has  moved 
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through  90  degrees,  or  a  quarter  of  a  circle. 
That  mouon  is  given  to  the  index  by  the  repul- 
five  power  of  the  charge  adling  between  the  ball 
D  and  the  ball  B.* 

The  arm  B  C  being  repelled,  fliews  when 
the  charge  is  increaiing,  and  the  arm  F  H  fhew^s 
what  this  repulfive  power  is  between  two  balls  of 
this  iize  in  grains,  according  to  the  number  the 
weight  relis  at  when  lifted  up  by  the  repulfive 
power  of  the  charge  :  at  the  fame  time  the  arm 
BC  points  out  the  number  of  degrees  to  Vvhich 
the  bail  B  is  repelled  ;  fo  that  by  repeated  trialg, 
the  number  of  degrees,  anfwering  to  a  given 
number  of  grains,  may  be  afcertained,  and  a 
table  formed  from  thefe  experiments,  by  which 
means  the  elcdrometer,  fig.  96,  may  be  ufed 
without  that  of  fig.  97. 

Mr.  Brooke  thinks  that  no  glafs,  charged  (as 
we  call  it)  with  elecfcricity,  will  bear  a  greater 
force,  than  that  whofe  repulfive  power,  between 
two  balls  of  the  fize  he  ufed,  is  equal  to  fixty 
grains  ;  that  in  very  few  inftances  it  will  fland 
lixty  grains  v/eight;  and  he  thinks  it  hazardous 
to  go  more  than  forty-five  grains. 

Hence,  by  knowing  the  quantity  of  coated 
furface,  and  the  diameter  of  the  balls,  w^e  may 
be  enabled  to  fay,  fo  much  coated  furface,  with 

a  repulfion 

*  Phil.  Tranf.  vol,  82,  p.  384.   , 
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a  repulfion  between  balls  of  [o  many  grains,  will 
melt  a  wire  of  fuch  a  fize,  or  kill  fuch  an  animal, 

Mr.  Brooke  thinks,  that  he  is  not  acquainted 
with  all  the  advantages  of  this  eled:rometer; 
but  that  it  is  clear,  it  fpeaks  a  language  which 
may  be  univerfally  underftood,  which  oo  other 
will  do;  for  though  other  ele&ometers  will 
fhew  v/hether  a  charge  is  greater  or  iefs,  by  aa 
index  being  repelled  to  greater  or  fmaller  dis- 
tances, or  by  the  charge  exploding  at  different 
diftances,  yet  the  power  of  the  charge  is  by  no 
means  afcertained  :  but  this  elec1:rometer  ihews 
the  force  of  the  repulfive  power  in  grains  ;  an<i 
the  accuracy  of  the  inftrument  is  ealily  proved, 
by  placing  the  weights  on  the  internal  ball,  and 
feeing  that  they  coincide  with  the  divifions  on 
the  arm  F  H,  when  the  Hide  is  removed  to 
them. 

Mr.  Achard  has  fhewn  clearly,  that  if  the 
fcale  of  an  eledlrometer  is  divided  into  equal 
parts,  (degrees  for  example)  the  angle  at  which 
the  index  is  held  fufpended  by  the  eledlric  repul- 
fion  will  not  be  a  true  meafure  of  the  repuliivc 
force ;  to  eftimate  which  truly,  he  demonllrates 
that  the  arc  of  the  eledlrometer  (hould  be  divided 
according  to  a  fcale  of  arcs,  the  tangents  of  which 
are  in  arithmetical  progreffion. 

OSSERVATIOKS 
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Observations  and  Experiments  made  bt 
Dr.  Priestley  on  the  Effects  of  Elec- 
tricity ON  different  elastic  Fluids. 

Experiment  ccxxiv. — To  change  the  blue 
colour  of  liquorsj  tinged  with  vegetable  juices, 
red.     The  apparatus  for  this  purpofe  is  feen  in 
fig.  94.      A  B  is  a  glafs  tube,  about  four  or  five 
inches  long,  and  one  or  two  tenths  of  an  inch 
diameter  in  the  infide  ;  a  piece  of  wire  is  put  into 
one  end  of  the  tube,  and  fixed  there  with  cement ; 
a  brafs  ball  is  placed  on  the  top  of  this  wire  ;  the 
lower  part  of  the  tube  from  a  is  to  be  filled  with 
water,  tinged  blue  with  a  piece  of  turnfole  or 
archal.     This  is  eafily  effecled,  by  fetting  the 
tube  in  a  veflel  of  the  tinged  water,  then  placing 
it  under  a  receiver  on  the  plate  of  the  air-pump  ; 
exhauft  the  receiver  in  part,  and  then,  on  letting 
in  the  air,  the  tinged  liquor  will  rife  in  the  tube, 
and  the  elevation  will  be  in  proportion  to  the 
accuracy  of  the  vacuum;  now  take  the  tube  and 
veflel  from  under  the  receiver,  and  throw  ftrong 
fpafks  on  the  brafs  ball  from  the  prime  conduc- 
tor. 

When    Dr.   Prieflley  made  this  experiment, 
he  perceived,  that  after  the  eledtric  fpark  had 
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been  taken,  between  the  wire  h  and  the  Hquor 
at  a,  about  a  minute,  the  upper  part  of  it  began 
to  look  red ;  in  two  minutes  it  was  manifeilly  fo, 
and  the  red  part  did  not  readily  nriix  with  the 
liquor.  If  the  tube  was  inclined  when  the  fparks 
were  taken,  the  rednefs  extended  twice  as  far  on 
the  lower  fide  as  on  the  upper.  In  proportion  as 
the  liquor  became  red,  it  advanced  nearer  to  the 
wire,  fo  that  the  air  in  which  the  fparks  were 
taken  w^as  diminifhed ;  the  diameter  amounted 
to  about  one  fifth  of  the  whole  fpace  ;  after  which, 
a  continuance  of  the  ele6lrification  produced  no 
fenfible  effe6t. 

To  determine,  whether  the  caufe  of  the 
chancre  of  colour  was  in  the  air,  or  in  the  eledric 
matter,  Dr.  Prieftley  expanded  the  air  in  the 
tube,  by  means  of  an  air-pump,  till  it  expelled 
all  the  liquor,  and  admitted  frelh  blue  liquor  in 
it's  place  ;  but  after  this,  eleQricity  produced  no 
fenfible  effed  on  the  air  or  on  the  liquor  i  fo 
that  it  was  clear,  that  the  elecftrlc  matter  had 
difcompofed  the  air,  and  made  it  depofit  fome- 
thing  of  an  acid  nature.  The  rcfult  was  the  fame 
with  wires  of  different  metals.  It  was  alfo  the 
fame  when,  by  means  of  a  bent  tube,  the  fpark 
was  made  to  pafs  from  the  liquor  in  one  X^^^  to 
thejiquor  in  the  other.  The  air  thus  diminifhed 
was  in  the  bigheft  degree  noxious. 

W  w  In 
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In  paffing  the  eledlric  fpark  through  different 
elaftic  fluids,  it  appears  of  different  colours.  In 
fixed  air,  the  fpark  is  very  white  ;  in  inflammable 
.and  alkaliae  air,  it  appears  of  a  purple  or  red 
colour.  From  hence  we  may  infer,  that  the 
condactkig  power  of  thefe  airs  is  different,  and 
that  fixed  air  is  a  more  perfedl  non-condudior 
than  inflammable  air. 

The  fpark  was  not  vifible  in  air  from  a  cauftie 
alkali,  made  by  Mr.  Lane,  nor  m  air  from  fpirit 
of  fait ;  fo  that  they  feem  to  be  more  perfect 
condudlors  of  electricity  than  water,  or  other 
fluid  fubflances. 

The  electric  fpark,  taken  in  any  kind  of  oil, 
produces  inflammable  air.  Dr.  Prieftley  tried 
it  with  ether,  oil  of  olives,  oil  of  turpentine, 
and  effential  oil  of  mint,  taking  the  ele6lric 
fpark  in  them  without  any  air  to  begin  with  • 
inflammable  air  was  produced  in  them  all. 

Dr.  Prieflley  found,  that  on  taking  a  fmali 
clecTiric  explofion  for  an  hour,  in  the  fpace  of 
an  inch  of  fixed  air,  confined  in  a  glafs  tube 
one  tenth  of  an  inch  diameter,  when  water  was 
admitted  to  it,  only  one  fourth  of  the  air  was 
imbibed.  Probably  the  whole  would  have  been 
rendered  immifcible  in  water,  if  the  ele&ical 
operation  had  been  continued  a  fufiicient  time. 

5  The 
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The  eleQric  fpark,  when  taken  in  alkaline  air, 
appears  of  a  red  colour  ;  the  elecflric  explofions, 
which  pafs  through  this  air,  increafe  it's  bulk  ; 
fo  that,  by  making  about  200  explolions,  in  a 
quantity  of  it,  the  original  quantity  will  be  fome- 
timcs  increafed  one  fourth.  If  water  is  admitted 
to  this  air,  it  will  abiorb  the  original  quantity, 
and  leave  about  as  much  elaftic  fluid  as  was 
generated  by  the  eledricity,  and  this  elaftic  fluid 
is  a  ftrong  inflammable  air. 

Dr.   Priefdey    found,  when  the  eledlric  fpark 
was  taken  in  vitriolic  acid  air,  that  the  infide  of 
the  tube  in  which  it  was  confined  was  covered 
with  abiackiih  fubftance.     He  feems   to   think, 
that   the  whole  of  the  vitriolic  acid  air  is  con- 
vertible into  this  black  matter,  not  by  means  of 
any  union  which  it  forms  with  the  elecflric  fluid, 
but  in  confequence  of  the  concullion  given  to  it 
by  the  explofion  ;  and  that,  if  it  be  the  calx  of 
fhe  metal  which  fijpplied  the  phlogifton,  it  is  not 
to  be  diflinguilhed  from  what  metal,  or  indeed 
from  Vv'hat  lubftance  of  any   kind,  the  air   had 
JDcen  extra6fed. 

Dr.  Prieflley  made  150  explofions  of  a  com- 
mon jar  in  about  a  quarter  of  an  ounce  meafure 
pf  vitriolic  acid  air  from  copper,  by  which 
the  bulk  was  diminifhed  about  one  third,  and 
fhe    remainder  feemingly    not  changed,  being 
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all  abforbed  by  water.  In  the  courfe  of  this 
procefsj  the  air  was  carefully  transferred  three 
times  from  one  vefTcl  to  another ;  and  the  laft 
veflel,  in  v»^hich  the  exploiions  were  made,  was, 
to  all  appearance,  as  black  as  the  firft  ;  fo  that 
the  air  fcems  to  be  all  convertible  into  this  black 
fubftance. 

Thinking  this  diminution  of  the  vitriolic  acid 
air  might  arife  from  it's  abforption  by  the  cement, 
with  which  the  glafs  tubes  employed  in  the  luft 
experiment  were  clofed,  he  repeated  it  with  the 
air  from  quickfilver,  in  a  glafs  fypKon  confined  by 
quickfiiver,  and  the  refult  was  the  fame. 

That  this  m.atter  comes  from  the  vitriolic 
acid  air  only,  and  not  from  any  combination  of 
the  eledtric  matter  with  it,  will  appear  from  the 
following  experiment. 

He  took  thefimpleeledlric  fpark  from  a  con- 
du'ftor  of  a  moderate  fize,  for  the  fpace  of  five 
minutes  without  interruption,  in  a  quantity  of 
vitriolic  acid  air,  without  producing  any  change 
in  the  infide  of  the  glafs ;  when  immediately 
after,  making  in  it  only  two  exploiions  of  a 
common  jar,  each  of  which  might  be  produced 
in  lefs  fi^^an  a  quarter  of  a  minute  with  the  fame 
machine  in  the  fame  ftate,  the  whole  of  the 
iniide  of  the  tube  was  completely  covered  with 
the  black  matter.     Now  had  the  eledric  matter 
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fbrmed  any  union  with  the  air,  and  this  black 
rnatter  had  been  the  refult  of  that  combination, 
all  the  difference  that  would  have  arifen  from 
the  fimple  fpark  or  the  explofion,  could  only 
have  been  a  more  gradual,  or  a  more  fuddeii 
formation  of  that  matter. 

A  large  phial,  about  an  inch  and  a  half  wide, 
being  filled  with  this  air,  the  explofion  of  a 
very  large  jar,  containing  more  than  tvvo  feet  of 
coated  furface,  had  no  efFedl  upon  it ;  from 
which  it  fhould  feem,  that  in  thefe  cafes,  the 
force  of  the  fhock  was  not  able  to  give  the 
quantity  of  air  fuch  a  concuflion  as  was  necelTary 
to  decompofe  any  part  of  it. 

He  had  generally  made  ufe  of  copper,  but 
afterwards  he  procured  this  air  from  almofl 
every  fubftance  from  which  it  could  be  obtained  ; 
the  eledtric  exploiion  taken  in  it  produced  the 
fameeffe6l.  But,  as  fome  of  the  experiments 
were  attended  with  pecuhar  circumftances,  he 
briefly  mentions  them,  as  follows. 

When  he  endeavoured  to  get  vitriolic  acid 
air  from  lead,  putting  a  quantity  of  leaden  fhor 
into  a  phial  containing  oil  of  vitriol,  and  apply- 
ing only  the  ufual  degree  of  heat,  a  confiderable 
quantity  of  heat  was  produced;  but  afterwards, 
though  the  heat  was  increafed  till  the  acid  boiled, 
no  more  air  could  be  got.  He  imagined  there- 
fore. 
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fore,  that  in  this  cafe  the  phlogiflon  had,  in  facl:, 
been  fupplied  by  fomething  that  had  adhered 
to  the  fhot.  However,  in  the  air  i^o  produced^ 
he  took  the  eledlric  pxploiion ;  and  in  the  firft 
quantity  he  tried,  a  whitifh  matter  was  produced, 
ahxioil  covering  the  inlide  of  the  tube;  but  in  the 
fuceeeding  experiments,  with  air  produced  from 
the  fame  lliot,  or  from  fornething  adhering  to  it, 
there  v/as  lefsof  the  whitilh  matter;  and  at  laft^ 
nothing  but  black  matter  was  produced,  as  in  all 
the  other  experiments.  Water  being  admitted 
to  this  air.  there  remained  a  coniiderable  refi- 
duum,  which  was  very  flightly  inflammable. 

Vitriolic  acid  air  is  eafily  procured  from  fpirit 
•of  wine,  the  mixture  becoming  black  before  any- 
air  is  yielded.  The  eleclric  explofion  takei^ 
in  this  airalfo  produced  the  black  rnatter. 

The  experiments  made  \yith  ether  feem  to 
throw  moft  light  upon  this  fubjed:,  as  this  air 
is  as  eafily  procured  from  ether  as  any  other 
fubilance,  containing  phlogifton.  In  the  air 
procured  by  ether  the  eledric  explofion  tinged 
the  glafs  very  black,  more  fo  than  in  any  other 
experiment  of  the  kind ;  and,  when  water  had 
abforbed  what  it  could  of  this  air,  there  was  a 
refiduum  in  which  a  candle  burned  with  a  lam- 
bent blue  flame.  But  what  was  mofl  remarkable 
in  this  experiment  was,  that  befides  the  oil  of 
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f  yitriol  becoming  very  black  during  the   procelk, 
i  a  black   TubQance,  and  of  a   thick   coniifience, 
was  formed,  which  fwam  on   the  furface  of  the 
acid. 

It  is  very  poffible,  that  the  analyfis  of  this 
fubdance  may  be  a  means  of  throwing  light  upon 
the  nature  of  the  black  matter,  formed  by  eieclric 
explofions,  in  vitriolic  acid  air,  as  they  fcem  to 
refemble  one  another  very  much. 

The    eleclric    fpark  or   exploiion,    taken   in 
common  air,  confined  by  quicklilver  in  a  glafs 
tube,  covers  the  infide  of  the  tube  with  a  black 
matter,   which,  when,  heated,  appears  to  be  pui^ 
quicklilver.     This,  therefore,  may   be  the  cafe 
with  the  black  matter  into  which  he  fuppofcd  the 
vitriolic  acid  air  to  be  converted  by  the  fame 
procefs,    though    the    efted:    was    much   more 
remarkable  than  in  the  common  air.     The  ex- 
plofion  will   often   produce  the    diminution   of 
common  air  in  half  the  time  that  fimple  fparks 
will  do  it,  the  machine  giving  the  fame  quantity 
of  fire  in  the  fame  time  :  alfo,  the  blacknefs  of 
the  tube  is  much  fooner  produced  by  the  fhocks 
than  by  the  fparks.     When  the  tube  conliderably 
exceeds, three  tenths  of  an  inch    in  diameter,  it 
will  fometimes  become  very  black,  without  there 
being  any  fenfible  diminution  of  the  quantity  of 
aif. 
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Experiment  ccxxxv.— *This  curious  experi- 
ment was  made  by  Mr.  Mariham,  originally  with 
a  view  to  melt  wires  with  a  fmall  Leyden  bottle. 
The  effedls  are  curious,  and  feem  to  open  a  new 
field  for  inveftigating  the  force  and  direction  of 
the  eleclric  fluid-  He  fixed  a  fmall  piece  of  wax 
upon  the  outfide  coating  of  the  Leyden  bottle ;  the 
head  of  a  fmall  needle  was  ftuck  ifi  the  wax,  fo 
as  to  be  at  right  angles  to  the  coating;  oppofite 
to  the  point  of  this  needle,  and  at  half  an  inch 
diftance,  another  needle  was  fixed,  by  being  for-^ 
ced  through  the  bottom  of  a  chip  box;  this  was 
connected  with  thedifchargingrod  by  a  wire.  On 
difcharging  the  bottle,  the  needle  with  the  wax 
was  driven  from  the  coating  of  the  bottle,  and 
fixed  into  the  box  oppofed  to  it.  The  diftance 
between  the  needles  was  then  increafed  to  two 
inches  and  a  half,  vvhich  was  the  greateft  flriking 
diftance.  The  head  of  the  needle,  which  was 
fixed  to  the  bottle,  was  evidently  melted  in  two 
or  three  places.  If  the  charge  was  ftrong,  and 
the  wax  was  not  ftuck  faft  to  the  coating  of  the 
bottle,  both  the  wax  and  the  needle  would  be 
.  driven  fome  inches  from  the  bottle.  On  placing 
a  ball  of  wax  on  the  point  of  each  needle,  and 
palling  the  difcharge  through  them,  the  ball  was 
thfowafrori)  that  conneded  with  the  bottle  full 

two 
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two  feet.     Repeating  this  again,  he   could   not 
produce  the  feme  elfedt. 

Mr.  Marfhan:!  now  fixed  the  needle,  oppofed 
to  that  on  the  bottle,  with  wax  on  a  brafs  plate. 
On  palling  the  charge  through  them,  when  the 
needles  were  half  ah  inch  didance  from  each 
other,  the  needle  was  thrown  fix  inches  from  the 
brafs  plate,  while  the  other  remained  in  it's 
fituation.  On  increafing  the  diftance,  the  effe(?;s 
were  the  fame,  till  it  came  to  one  inch  and  a 
half,  when  neither  were  thrown  off.  In  many 
inftances,  both  were  thrown  off,  leaving  the  wax 
behind  them. 

The  needles  in  all  thefe  experiments  paffed 
through  the  wax,  fo  as  to  touch  the  coating  of 
the  bottle  and  the  brafs  plate;  both  the  coating 
and  plate  were  beautifully  fufed  at  each  expla-- 
fion. 

Mr.  Marfham  then  fubftituted  fmall  pieces 
t)f  putty  inftead  of  wax;  when  on  making  the 
difcharge  with  the  points,  at  only  three-eighths 
of  an  inch,  the  needle  was  driven  from  the  bot- 
tie,  and  the  putty  forced  up  the  needle.  The 
points  were  then  placed  as  near  each  other  as 
was  poffible ;  when,  on  making  the  difcharge, 
tlie  putty  of  both  needles  was  blown  to  pieces, 
and  the  needle  thrown  at  a  confiderable  diftance ; 
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the  brafs  plate  was  alfo  curioufl/  melted,  and  the 
bottle  broke* 


ExPEP.iMENT  ccxxxvi. — Cut  a  piece  of  India 
or  thin  paper  into  the  fliape  of  an  ifofceles 
triangle,  whofe  iides  are  about  two  inches  long, 
breadth  two  tenths  of  an  inch  ;  then  eredl  a  brafs 
ball  of  two  or  three  inches  diameter,  on  a  brafs 
wire  one  fixth  of  an  inch  diameter,  and  two  feet 
fix  inches  long,  on  the  prime  conductor ;  ele6lrify 
the  conductor,  and  then  bring  the  obtufe  end  of 
the  pieces  of  paper  within  the  atmofphere  of  the 
ball,  and  let  it  go,  and  the  paper  will  revolve 
round  the  ball  and  often  round  it's  own  axis. 
This  pleafing  and  exceeding  curious  experiment 
was  communicated  to  me  by  the  ingenious  Mr. 
J.  Gamble,   of  Pembroke-Hall,  Cambridge. 

Experiment  ccxxxvii. — Eledrify  two  piec-es 
of  fwan's  down,  one  negatively,  and  the  other 
pofitivcly ;  they  will  then  float  in  the  air,  and 
may  be  eafily  driven  about  by  botdes  charged 
with  contrary  eledricity ;  when  brought  near 
together,  they  will  attradl  each  other,  meet  with 
rapidity,  their  fibres  will  collapfe,  and  they  will 
then  fall  to  the  ground,  reprefenting  in  miniature 
what  may  be  fuppofed  often  to  happen  in  the 
hjgher  regions  of  the  atmofphere. 

Experiment 
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Experiment  ccxxxviii. — -Infulate  a  Leyden 
phial,  and  cortneft  a  fet  of  ele(5tncal  bells  with 
the  infide  of  the  phial,  and  another  fet  with  the 
outiide ;  charge  the  phial,  and  then  touch  the 
fet  of  bells  connected  with  the  infide ;  thefe  will 
ceafe  ringing,  and  the  odier  fet  will  begin  to 
ring;  now  touch  thefe,  and  then  the  fet  con- 
neded  with  the  infide  will  ring ;  and  fo  on 
alternately  till  the  bottle  is  difcharged.  Thus 
illuftrating,  in  a  pleafmg  manner^  the  received 
theory  of  the  Leyden  phial. 

A  diftindl  apparatus  is  often  fitted  up  for  the 
performing  of  this  experiment :  or  it  may  be 
fhewn  by  means  of  the  apparatus  reprefented  fig. 
49,  pi.  III.  which  can  eafily  be  applied  to  a 
great  variety  of  purpofes,  and  is  fufiicient  for 
explaining  mofi  part  of  the  phaenomena  relative 
to  the  Leyden  phial,  befides  being  very  con- 
venient for  feveral  pleafing  experiments. 
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On  the  Analogy  between  the  Productton 
AND  Effects  of  Electricity  and  Heat, 
and  also  between  the  power  by  which 
Bodies  conduct  Electricity  and  receive 
Heat  ;  with  the  Description  of  an  In- 
strument   TO    MEASURE    THE    QuANTITY    OF 

the  Electrical  Fluid,  which  Bodies  of 
A  different  Nature  will  conduct  when 
placed  in  the  same  Circumstances.  By 
Mr.  Achard.* 

The  produ^lion  of  heat  is  fimilar  to  that  of 
electricity. 

Every  kind  of  friction  produces  heat  and  elec- 
tricity. It  may  be  objedled  to  this,  that  in  or- 
der to  render  the  analogy  perfedl,  it  would  be 
neceffary  that  the  fri(flion  of  every  body  fhould 
produce  el^cflricity,  which  appears  contrary  to 
experience,  as  metals  and  other  conducting  fub- 
ftances  do  not  become  eleclricai,  but  by  the 
contact  of  eleclric  bodies,  and  that  the  imme- 
diate fri6lion  of  thefe  fubftances  will  not  render 
them  elecftrical. 

To  this  it  may  be  anfwered,  that  when  an 
elecftric   body   is  excited  by   fridion  againft   a 

non-eled:ric, 

*    Memoirs  de  1' Academic  de  Berlin,  for  1775. 
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jjon-eledlric,  the  lafl,  if  it  is  infulated,  gives 
^s  llrong  iigns  of  eledlricity  as  thofe  of  the 
ele£lric  itfelf.  This  eledlricity  is  not  commu- 
nicated by  the  eledlric,  fmce  it  is  of  an  oppolite 
kind  :  negative,  if  the  eledric  is  pofitive  ;  and 
the  contrary. 

This  obfervation  proves,  not  only  that  the 
conducing  bodies  become  eledlrical  by  fridlion, 
as  well  as  ele&ic  bodies,  but  alfo,  that  to  pro- 
duce eledlricity,  it  is  necefiary  that  the  equili- 
brium between  the  electricity  of  the  rubbing 
bodies  Ihould  be  deflroyed  ;  if  each  fubftance 
is  equally  adapted  to  receive  and  tranfmit  the 
eleftrical  fluid,  it  is  clear,  that  the  equilibrium 
of  the  fluid  between  them  cannot  be  defl:royed  ; 
becaufe,  that  at  the  inftant  one  receives  from 
the  other  any  given  quantity,  it  will,  by  it's 
elaflicity,  be  again  divided  between  them :  we 
may  therefore  conclude, 

1 .  That  the  electricity  produced  by  the  fridion 
of  two  bodies  is  greater,  in  proportion  to  the  in- 
creafe  of  the  difierence  between  the  conducting 
power  of  thofe  bodies. 

2.  That  where  two  bodies  are  equally  adapted 
to  receive  and  tranfmit  the  eledtric  fluid,  they 
give  no  flgn  of  electricity ;  not  becaufe  they 
cannot  become  eledtrified  by  friction,  but  becaufe 
the  eledricity,  which  is  difl:urbed  by  the  friction, 
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is  at  the  fame  time  reftoredj  on  account  of  the 
facility  with  which  it  penetrates  each  fubftance. 
For  a  reafon  nearly  iimilar,  eledlrics,  when  rub- 
bed together,  do  not  appear  eledlrified. 

It  feems  therefore,  that  we  may  conclude 
from  this  theory,  which  is  founded  on  fad:,  that 
in  all  cafes,  and  whatever  is  the  nature  of  the 
fubflance,  the  fridion  always  produces  elec- 
tricity ;  and  when  the  effedt  is  not  fenfible,  it 
is  only  becaufe  electricity  is  loft  as  foon  as  pro- 
duced. 

That  there  are  no  fubftances,  that  are  rubbed 
againfta  body,  v/hich  tranfmit  the  eledlric  fluid 
with  greater  or  lefs  difficulty,  but  what  give  figns 
of  electricity  :  that  metals  are  as  eledrical  by 
ihemfelves  as  glafs  and  wax. 

That  as  fricftion  always,  and  in  all  cafes,  pro- 
duces eledricity,  there  is  a  perfcdl  analogy  be- 
tween the  production  of  heat  and  electricity^ 

The  Effects,  which  are  produced  by  Elec- 
tricity, ARE  SIMILAR    TO    THOSE    PRODUCED 

BY  Heat, 

Heat  dilates  all  bodies.  The  acftion  of  the 
electric  fluid  on  the  thermorneter  fhews  it's  dila- 
ting power  alfo  ;  and  if  we  do  not  generally  per- 
ceive it,  it  is  becaufe  the  force  with  which  bodies 

cohere 
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cohere  together,  exceeds  the  dilating  power  of 
clccftricity. 

Heat  promotes  and  accelerates  vegetation  as 
well  as  germination  :  Electricity,  whether  poll- 
tive  or  negative^  does  the  fame. 

Ele(5tricity,  as  well  as  heat,  accelerates  eva- 
poration. 

Heat  and  eledricity  accelerate  the  motion  of 
the  blood.*  Left  fear,  conftraint,  or  the  at- 
tention to  the  experiment,  might  accelerate  the 
pulfe,  and  thus  be  attributed  to  eledlricity,  Mr^ 
Achard  made  the  experiment  on  a  dog  when 
afieep,  and  always  found,  that  the  number  of 
pulfations  was  increafed  when  the  animal  was 
elettrihed. 

The  experiment  made  by  Mr.  Achard  on  the 
eggs  of  a  hen,  and  by  others  on  the  eggs  of 
moths,  proves  that  electricity,  as  well  as  heat, 
favours  the  developement  of  thofe  animals.  The 
elecftric  fluid,  in  common  with  fire,  will  throw 
metals  into  fufion. 

If  fubflances,  with  equal  degrees  of  heat,  touch 
each  other,  the  heat  is  difFufed  uniformly  be- 
tween them.     In  the  fame  manner,  if  two  bodies 

with 

*  This  pofition  has  been  much  controverted,  and  k 
feems  clear,  from  modern  experiment,  that  fimple  ele£lri- 
city  does  not  accelerate  the  pulfe» 
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with  unequal  degrees,  or  different  kinds  of  elec- 
tricity, touch  each  other,  an  equiUbrium  will 
be  eflablifhed. 


There  is  an  exact  Analogy  between  the 
Faculty  with  which  Bodies  conduct  the 
Electric  Fluid  and  receive  Heat. 

if  bodies  of  different  kinds^  and  of  equal  de- 
grees of  heat,  are  placed  in  a  medium  of  a  dif- 
ferent temperature,  they  will  all  acquire,  at  the 
end  of  a  certain  time,  the  fame  degree  of  heat. 
There  is  a  confiderable  difference,  however,  iri 
the  fpace  of  time  in  which  they  acquire  the  tem- 
perature of  the  medium:  ex.gr.  metals  take 
lefs  time  than  glafs,  to  acquire  or  lofe  an  equal 
degree  of  heat. 

On  an  attentive  examination  of  the  bodies 
which  receive  and  lofe  their  heat  fooneff,  when 
they  are  placed  in  mediums  of  different  tempe- 
rature, they  will  be  found  to  be  the  fame  which 
receive  and  lofe  their  eledlricity  with  the  greateft 
facility.  Metals,  which  become  warm  or  grow 
cool  the  quickeff,  are  the  fubilances  which  re- 
ceive arid  part  with  their  eledricity  fooneft. 
Wood,  which  inquires  more  time  to  be  heated 
or  cooled,  receives  and  lofes  eledlricity  flower 
than  metals.  Lalily,  glafs  and  refinous  fub- 
5  fiances. 
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ilrstnces,  which  receive  and  lofe  (lowly  the  elec-^ 
trie  fluid,  acquire  with  difficulty  the  tempera- 
ture of  the  medium  which  furrounds  them. 

If  one  extremity  of  an  iron  rod  be  heated  red- 
hot,  the  other  extremity,  though  the  bar  is  fe- 
veral  feet  long,  will  become  fo  warm  in  a  little 
time  that  the  hand  cannot  hold  it  j  becaufe  the 
iron    condudls    heat    readily;    but    a   tube    of 
glafs,  only  a  fev/  inches  long,  may  be  held  in 
the  hand,  even  while  the  other  end  is  melting. 
The  eledlric  fluid,   in  the  fame  manner,  pafles 
with  great  velocity   from  one   end  of  a  rod  of 
iron  to  the  other ;  but  it  is  a  confiderable  time 
before  a  tube  of  glafs,  at  one  end  of  which  an 
excited  ele^ftric  is  held,  will  give  eledric  ligns 
at  the  other. 

Thefe  obfervations  prove,  that  feveral  bodies 
that  receive  and  lofe  with  difficulty  their  adual 
degree  of  heat,  receive  and  lofe  alfo  vvidi  diffi- 
culty their  eledlricity.  To  determine  if  this  law 
is  general,  and  what  are  the  exceptions  to  it, 
will  require  a  variety  of  experiments. 

If  wefuppofe  two  fubfl.ances,  one  of  which  is 
eledrified,  but  the  other  not,  that  the  firfl  has 
a  known  degree  of  eledricity,  and  that  the  laft, 
in  touching  it,  deprives  it  of  a  given  degree  of 
electricity;"  this  lofs  of  a  part  of  it's  eledlricity 
determines  the  faculty  with  which  the  body  that 

Y  y  touches 
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touches  it  receives  the  eledlric  fluid.  Befido 
the  figure  and  volume  of  this  fubftance,  the  time 
the  two  bodies  remain  in  contad  will  alter  the 
quantity  taken  from  the  eleQ;rified  fubftance ;  fo 
that  all  other  circumftances  being  the  fame,  the 
property  of  bodies  to  deprive  other  bodies  of 
their  eledlricity,  or,  in  other  words,  to  conduct 
the  eledric  fluid,  is  in  the  inverfe  ratio  of  the 
time  neceflary  to  make  them  lofe  an  equal 
degree  of  electricity. 

The  inflrument,  which  is  reprefented  fig.  95, 
is  conftrucled  on  thefe  principles,  and  with  it 
the  quantity  of  eledlrieity  that  one  body  lofes  ia 
a  given  time,  when  touched  by  another,  may  be 
accurately  afcertained.  A  B  is  a  very  fenfiblc 
ballance ;  at  the  extremity  of  each  arm  two  very 
light  balls  of  copper  are  affixed ;  C  F  D  a  di- 
vided femicircle,  which  is  faftened  to  the  cock 
which  fu})ports  the  axis  of  the  ballance;  the  de- 
grees may  be  pointed  out  by  a  needle,  or  by  the 
arms  of  the  ballance;  the  cock  is  fixed  to'abrafs 
cap,  which  is  cemented  on  the  glafs  pillar  G  G, 
which  is  fixed  to  the  board  QJl  S  T;  this  pillar 
fhould  be  at  leaft  18  inches  high.  U  is  a  Ley- 
den  bottle ;  to  the  wire  Z  Z,  which  communi- 
cates with  it's  infide  coating,  three  horizontal 
wires,  V  Z,  X  Z,  and  Z  Y,  are  fixed  ;  the 
ends  of  thefe  wires  are  furnifhed  with  hollow 
5  brafs 
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brafs  balls  ;  the  bottle  U  is  fo  fixed  to  the  board, 
that  when  the  beam  is  horizontal,  the  ball  B 
touches  exadlly  the  ball  X,  as  is  reprefented  in 
the  figure. 

K  N  is  a  metal  lever,  v^hich  turns  upon  an 
axis  at  I,  fo  as  to  move  freely  in  a  vertical  plane, 
which  fhould  coincide  with  the  bar  V  X ;  the 
lever  K  N  is  fupported  by  a  wooden  pillar  I  H, 
which  is  fixed  to  the  board  QJl  ST;  at  the  end 
K  of  the  lever  is  a  fcrcw,  to  hold  the  fubftance 
on  which  the  experiment  is  to  be  made;  the 
upper  end  of  this  fubfiance  fhould  be  turned  into 
a  convex  form.  A  thread  N  O  is  tied  to  the  end 
N  of  the  lever ;  at  O  is  a  fmall  hook,  on  which 
a  ball  I  is  to  be  fufpended.  The  diflancc  of  the 
pillar  I  H  from  the  bottle  i&  to  be  fo'adjufled, 
that  when  the  end  N  is  lowered,  the  body  L 
may  touch  in  one  point  the  ball  V ;  the  pro- 
portion between  the  weight  of  the  arms  of  the 
lever,  the  weight  I,  and  the  body  L,  and  the 
leaigth  of  the  pillar  I  H  to  the  thread  N  O,  is 
to  be  fuch,  that  when  the  fubfiance  L  touches 
the  ball  V,  at  the  fame  moment  the  ball  P  will 
touch  the  board  Q  R  S  T,  and  be  difengaged 
from  the  thread  NO:  the  fubftance  L  will  alfo 
at  the  fame  inftant  quit  the  ball  V. 

To  ufe  this  infirument,  connecl:  the  l)ottleU 
with  the  prime  conductor   by  the  ball  Y,  and 

Y  y  2  form 
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form  a  communication  by  a  wire  from  Y  to  the 
cap  G ;  charge  the  bottle,  and  the  ball  X  will  re-. 
pel  the  ball  B  ;  the  angle  of  repulfion  will  be 
marked  by  the  needle  E  F.  Suppofe  this  to  be 
20  degrees,  and  let  L  be  brought,  as  before  de- 
fcribed,  to  touch  V,  it  will  abforb  a  quantity  of 
eleclricity  proportionable  to  it's  condud:ing  pow- 
er, and  the  ball  B  will  fall  in  proportion  to  the 
quantity  abforbed,  and  the  difference  will  be 
feen  on  the  femicircle.  Let  the  difference  be 
five  degrees ;  repeat  the  experiment,  only  fub- 
Hituting  fome  other  fubflance  in  the  place  of 
the  body  L;  fuppofe  that  with  this  fubllancc 
'  the  dimmution  of  the  angle  is  8  degrees,  then  is 
the  conducing  power  of  thefe  two  fubftances  in 
the  proportion  of  five  to  eight. 

Fig.  106  reprefents  an  apparatus,  to  fet  a 
wire  on  fire  by  the  eledric  explofion  indephlo- 
giflicated  air.  I  am  obliged  to  defer  the  de- 
fcription  and  ufe  of  it  to  fome  future  oppor- 
tunity, as  I  have  not  had  any  time  to  try  it's 
fucccfs. 


A  N 


AH 


M  »3  /a.  X 


O  N 


MAGNETISM. 


ADVERTISEMENT, 

JL  HIS  fmall  Effay  is  publifhed  to  IIluA 
trate  and  exemplify  fome  ufes  of  a  Mag- 
netical  Apparatus^  conflrufted  in  grder 
to  exhibit  the  general  phasnomena  of 
Magnetifm.  It  is  extracled  from  a  larger 
work,  which  is  laid  afide  for  the  prefent, 
as  it  is  probable  the  public  will  foon  be 
favoured  with  a  treatife  on  this  fubjeft  by 
Mr.  Cavallo. 
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THROUGH  the  phaenomena  of  the  magnet 
-*-  have,  for  many  ages,  engaged  the  atten- 
tion of  natural  philofophers,  not  only  by  their 
lingularity  and  importance,  but  alfo  by  the  ob- 
fcurity  in  which  they  are  involved  ;  yet  verj 
few  additions  have  been  made  to  the  difcoveries 
of  the  firft  inquirers  upon  the  fubjeA.  The 
powers  of  genius,  which  have  been  hitherto  cm- 
ployed  in  profecuting  this  fubjedl,  have  not  been 
able  to  frame  an  hypothefis,  that  will  account, 
in  an  eafy  and  fatisfadory  manner,  for  all  the 
various  properties  of  the  magnet,  or  point  out 
the  links  of  the  chain  which  conned  it  with  the 

other 
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other  phaenomena  of  the  univerfe.  Though  it  is 
certain,  that  both  natural  and  artificial  eledricity 
will  give  polarity  to  needles,  and  even  r^verfe  a 
given  polarity;  from  whence  it  would  appear,  that 
there  is  a  conliderable  affinity  between  the  elec- 
tric and  magnetic  fluid,  but  how  it  ads  when 
producing  magnetifm,  is  entirely  unknown. 

It  is  known  by  the  works  of  Plato  *  and 
Ariftotle,  that  the  ancients  were  acquainted  with 
the  attradive  and  repulfive  powers  of  the  mag- 
net ;  but  it  does  not  appear,  that  they  knew  of 
it's  pointing  to  the  pole,  or  the  ufe  of  the  com- 
pafs.  As  they  were  not  acquainted  with  the 
true  method  of  philofophiiing,  and  contented 
themfelves  with  obfervation  alone,  their  know- 
ledge of  nature  was  confined  within  very  narrow 
limits,  and  did  not  afford  any  confiderable  ad- 
vantage to  fociety.  Modern  philofophers,  by 
combining  experiment  with  obfervation,  foon 
extended  the   boundaries  of  fcience,    and  dif- 

covered 

*  "  A  power  refembling  that,  which  a6ls  in  the  ftone, 
"  called  by  Euripides  the  magnet.  For  this  ftone  does  not 
"  only  attraft  iron  rings,  but  impart  to  thofe  rings  the  power 
*'  of  doing  that  very  thing  which  itfelf  does,  enabling  them 
<*  to  attra6l  other  rings  of  iron  -,  fo  that  fometimes  may  be 
''  feen  a  very  long  feries  of  iron  rings,  depending  as  in  a 
"  chain  one  from  another.  But  from  that  ftone  at  the  head 
"  of  them  is  derived  the  virtue,  which  operates  in  thera 
*'  ail,"   See  Sydenham's  tranfiation  of  the  lO  of  Plato. 
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covered  the  polarity  of  the  loadflone,  a  pro- 
perty which  in  a  manner  conftitutes  the  bafis 
of  navigation,  and  gives  being  to  commerce. 

The  loadstone^  leading  Stone,  or  na^ 
TURAL  MAGNET,  is  an  iron  ore  or  ferruginous 
ftone,  found  in  the  bowels  of  the  earth,  generally 
in  iron  mines ;  of  all  forms  and  iizes,  and  of 
various  colours.  It  is  endowed  with  the  pro- 
perty of  attraBing  iron ;  and  of  both  pointing 
itfelf,  and  alfo  enabling  a  needle,  touched  upon 
it,  and  duly  poifed,  to  point  towards  the  poles 
of  the  world. 

Loadflones  are  in  general  very  hard  find  brit- 
tle, and  for  the  moft  part  more  vigorous  m  pro- 
portion to  their  degree  of  hardnefs.  Ccnfider- 
able  portions  of  iron  may  be  extra»6led  from 
them.  Newman  fays,  that  they  are  almoft 
totally  foluble  in  fpirit  Of  nitre,  and  partially  in 
the  vitriolic  and  marine  acids. 

Mr.  Kir  wan  fays,  that  the  magnet  feems 
to  contain  a  fmall  quantity  of  fulphur,  is  often 
contaminated  with  a  mixture  of  quartz  and 
argill ;  it  is  poffible,  it  may  contain  nickel,'  for 
this,  when  purified  to  a  certain  degree,  acquires 
the  properties  of  a  magnet,  but  it's  conftitution 
has  not  as  yet  been  properly  examined.* 

Z  z  Artificial , 

*  Krrwan's  Elements  of  MineraJogy,  p.  271, 
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Artificial  magnets,  which  are  made  of  fteel^ 
are  now  generally  ufed  in  preference  to  the  na- 
tural magnet ;  not  only  as  they  may  be  procured 
with  greater  eafe,  but  bccaufe  they  are  far 
fuperior  to  the  natural  magnet  in  ftrength,  and 
communicate  the  magnetic  virtue  more  power- 
fully, and  may  be  varied  in  their  form  more 
cafily,  fo  that  the  natural  magnet  is  now  very 
little  efteemed,  except  as  a  curioiity. 

The  power  of  attracting  iron,  &c.  pofTeffed 
by  the  loadftone,  which  is  alfo  communicable 
(£>  iron  and  fteel,  is  called  magnetism.  It  has 
been  fuppofed,  that  iron  and  the  loadftone  were 
the  only  two  bodies  which  could  be  rendered 
magnetical ;  but  it  now  appears,  that  nickel, 
when  purified  from  iron,  becomes  more  inflead 
of  lefs  magnetic,  and  acquires,  what  iron  does 
not,  the  properties  of  a  magnet  .f 

A  rod  or  bar,  of  iron  or  fleel,  to  which  a 
permanent  polarity  has  been  communicated,  is 
called  a  magnet. 

The  points  in  a  magnet  which  feem  to  poffefs 
the  greateft  pov/er,  or  in  which  the  virtue  feems 
to  be  concentrated,   are  termed  the   poles  of 

A  MAGNET. 

The  MAGNETICAL  MERIDIAN  IS  a  Ycrtical 
circle  in  the  heavens^  which  interfeds  the  ho- 

rizoa^ 
*  Ibid*  p.  36^ 
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jrizon  in  the  points  to  which  the  magnetical 
needle,  when  at  reft,  is  direded. 

The  axis  of  a  magnet  is  a  right  line,  which 
paffes  from  one  pole  to  the  other. 

The  equator  of  a  magnet  is  a  line  per- 
pendicular to  the  axis  of  the  magnet,  and  exadly 
between  the  two  poles. 

The  diftinguilhing  and  charadleriftic  proper- 
ties of  a  magnet,  are, 

Firft,  It's  attradlive  and  repuliive  powers. 

Secondly,  The  force  by  which  it  places  itfelf, 
when  fufpended  freely,  in  a  certain  diredlioa 
towards  the  poles  of  the  earth. 

Thirdly,  It's  dip  or  inclination  towards  a 
point  below  the  horizon. 

Fourthly,  The  property  which  it  pofTeffes  of 
communicating  the  foregoing  powers  to  iron  or 
lleei. 

An    Hypothesis.* 

Mr.  Euler  fuppofes,  that  the  two  principal 
Caufes,  which  concur  in  producing  the  w^onderful 
properties  of  a  magnet,  are,  firft,  a  particular 
ftrudure  of  the  internal  pores  of  the  magnets, 
sind  of   magnetical  bodies;  and,   fecondly,   an 

Z  z  2  external 

♦  Lettres  a  une  Princeffe  d'  Allemagne* 
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external  agent  or  fluid,  which  adls  upon  and 
paiTes  through  thefe  pores.  This  fluid  he  fup- 
pofes  to  be  the  folar  atn:iofphere,  or  that  fubtle 
matter  called  ether,  which  fills  our  fyftem. 

Indeed,  moft  writers  on  this  fubjeft  agree  in 
fuppoling,  that  there  are  corpufcles  of  a  peculiar 
form  and  energy,  which  continually  circulate 
around  and  through  a  magnet ;  and  that  a  vortex 
of  the  fame  kind  circulates  around  and  through 
the  earth. 

A    magnet,   befides  the  pores  which  it   has 
in  common  with  other  bodies,  has  alfo  other 
pores    coniiderably   fmaller,    deflined   only  for 
the  paifage  of  the  magnetic  fluid.     Thefc  pores 
arc  fo  difpofed  as  to  communicate  one  with  the 
other,  forming  tubes  or  channels,  by  which  the 
magnetic  fluid  paiTes  from  one  end  to  the  other. 
The  pores  are  fo  formed,  that  this  fluid  can  only 
pafs  through  them  in  one  direction,  but  cannot 
return  back  the  fame  way ;  flmilar  to  the  veins 
and    lymphatic    velTels    of  the   animal   body, 
which  are  furnifhed  with  valves  for  this  purpofe. 
So  that  the  pores  of  the  magnet  may  be  conceived 
to    be  formed  into  feveral  narrow  contiguous 
tubes,  parallel  to  each  other,   as  at  A  B,  fig. 
99,  through  which  the  finer  parts  of  the  ether 
pafTes  freely  from  A  to  B,  but  cannot  return  back 
on  account  of  the  refiflance  it  meets  with  at  j,  a^ 
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4  ^,  nor  overcome  the  refinance  of  the  groffcr 
ether,  which  occalions  and  continues  the  motion. 
Por  fuppofmg  the  pole  A  of  a  magnet,  filled  with 
feveral  mouths  or  open  ends  of  fimilar  tubes,  the 
magnetic  fluid,  prefled  by  the  groffer  parts  of 
the  ether,  will  pafs  towards  B  Vv^ith  an  incon- 
ceivable rapidity,  w^hich  is  proportionable  to  the 
elafticity  of  the  ether  itfelf ;  this  matter  which, 
till  it  arrives  at  B,  is  feparated  by  the  tubes  from 
the  more  grofs  parts,  then  meets  with  it  again, 
and  has  it's  velocity  retarded,  and  it's  diredion 
changed ;  the  flream,  reflected  by  the  ether,  with 
w^hich  it  cannot  immediately  mix,  is  bent  on  both 
fides  towards  C  and  D,  and  defcribes,  but  with 
lefs  velocity,  the  curves  D  E  and  C  F  e,  and 
approaching  by  the  curves  d  and  c,  falls  in  wit4i 
the  affluent  matter  m  ?;/,  and  again  enters  the 
magnet ;  and  thus  forms  that  remarkable  atmo- 
fphcre,  which  is  vifible  in  the  arrangement  of 
fleel  filings  on  a  piece  of  paper  that  is  placed 
over  a  magnet. 

A   Second  Hypothesis.* 

1.  That  the  earth  is  a  large  magnet. 

2.  That  there  is  a  fubtle  fluid,  called  the  mag- 

netic 
*  Oeuvres  de  Franklin,  torn,  i,  p.  277, 
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netic  fluid,  which  exifts  in  every  kind  of  iron^ 
is  equally  attraded  by  all  it's  parts,  and  equally 
dilTeminated  throughout  it*s  fubftance,  unlefs  it 
i$  forced  into  an  inequality  by  a  power  fuperior 
to  the  attraction  of  the  iron. 

3.  That  the  natural  quantity  ofrnagnetic  fluid 
contained  in  a  piece  of  iron,  may  be  put  in  mo- 
tion fo  as  to  be  more  rarified  in  one  part,  and 
more  condenfed  in  another ;  but;  it  cannot  be  fq 
taken  away  by  any  known  force,  as  to  leave  the 
whole  mafs  in  a  negative  fl:ate  with  refped  to  it's 
natural  quantity ;  neither  can  any  additional 
quantity  be  introduced  fo  as  to  put  it  in  a 
pofltive  flate. 

4.  A  piece  of  foft  iron  permits  the  magnetic 
fluid,  which  is  contained  in  it's  fubflance,  to  be 
put  in  motion  by  a  fmall  force,  fo  that,  being 
placed  in  the  direction  of  the  magnetic  meri- 
dian, it  acquires  immediately  the  properties  of 
a  rriagnet,  it's  magnetic  fluid  being  drawn  or 
puflied  from  one  extremity  to  the  other,  and 
continuing  fo  while  it  remains  in  the  fame  pofl- 
tionj  one  of  the  ends  becoming  pofltively,  thq 
other  negatively  magnetic.  The  tranfient  mag- 
net lofes  it's  properties  when  it  is  laid  in  an  eafl 
and  wefl:  fltuation,  the  magnet  returning  to  it's 
original  fltuation. 

If 
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If  the  iron  is  hard  as  fteel,  it  is  more  difncult 
to  put  the  magnetic  fluid  in  motion,  it  requires 
a  ilronger  force  than  is  exerted  by  the  magnetifm 
of  the  earth  to  move  it,  and  when  moved  from 
one  end  to  the  other,  it  cannot  eaiily  return, 
and  thus  a  fteel  bar  requires  a  permanent  mag- 
netifm. 

6.  A  great  heat  opens  the  fab  (lance  and 
feparates  the  parts  of  the  bar,  and  thus  gives  a 
free  palTage  for  the  magnetic  fluid,  which  deflroys 
it's  magnetic  properties. 

7.^1  fteel  bar  not  magnetical,  placed  in  the 
dired:ion  of  the  magnetic  meridian  and  dip, 
and  firft  heated  and  then  fuddenly  cooled,  while 
in  this  pofture,  acquires  a  permanent  magnetifm  ; 
for  while  the  bar  was  warm,  the  magnetic  fluid 
contained  in  it  was  eafily  forced  from  one  end  to 
the  other,  by  the  magnetifm  of  the  earth,  and 
was  retained  there  by  the  contraction  of  the  bar 
from  cold. 

8.  Violent  concuflions  of  the  fteel  bar  placed 
as  in  the  foregoing  article,  fo  feparate  it's  parts 
during  the  vibrations,  as  to  iuffer  the  m^agnetic 
fluid  to  be  forced  from  it's  fituation  by  the 
magnetifm  of  the  earth,  and  is  retained  in  it's 
altered  lituation  by  the  clofmg  of  the  pores  when 
the  vibrations  ceafe. 

9.  An  elecflric  ihock  dilating  a  needle  for  a 

5  moment. 
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moment,  gives  ir,  for  the    foregoing  reafon,  a. 
magnetic  virtue; 

1.   There   is   a    Tendency    in    Iron   and    a 
Magnet  to   approach    each    otheRj»    and 

ATTACH    themselves    TOGETHER,    AND   TPIAT 

WITH   SUCH  Force,  as  often  to  require  a 

CONSIDERABLE  WeIGHT  TO  SEPARATE  THEM, 

This  curious  property  of  the  riiagnet  was  that 
by  which  it  was  firll  'difcovered,  and  by  which 
it  engaged  the  attention  of  the  curious.  Every 
fubftance  which  contains  iron  is  more  or  kfs 
attracted  by  the  magnet,  with  one  exception, 
as  Henchel,  Gellert,  and  Brand  afTert,  that  the 
fmalleft  quantity  of  antimony  mixed  with  iron 
prevents  it's  being  attradled  by  the  magnet.  Mr. 
Burgman  ufed  the  following  method  to  difcover 
the  fubltances  which  are  attracted  by  the  magnet, 
He  placed  the  bodies  which  he  intended  to 
examine  on. pure  water,  or  very  pure  mercury, 
either  diredly  on  the  furface,  or  on  a  piece  of 
paper,  when  on  the  approach  of  a  ftrong  magnet 
they  will  be  fenfibly  attradled,  although  the 
attraclion  could  be  difcovered  by  no  other 
method  ;  in  this  way  he  found  martial  fairs 
ftrondv  attraCled  bv  the  magnet.     Hovvbeit,  in 

general. 
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general,  iron,  when  involved  in  a  coating  of 
faiine  matter,  is  attraded  lefs  ftrongly  in  propor- 
tion as  it  is  more  intimately  united  to  the  falts. 
The  attraction  of  iron  is  ftrongeft  when  it  is  moft 
deprived  of  oily,  fulphureous,  and  faiine  par- 
ticles. Spirit  of  nitre  poured  on  iron  which  is 
afting  on  a  magnetic  needle,  will  diminifh  it's 
adion* 

Experiment  i. — Place  a  piece  of  iron  on  a 
cork,  and  put  the  cork  into  water,  the  piece  of 
iron  will  be  attradled  by,  and  follow  a  magnet, 
in  a  piealing  maruier.  The  tendency  between 
the  magnet  and  the  iron  is  reciprocal  ;  for  if  the 
magnet  be  put  on  the  cork,  it  will  follow  the 
iron,  in  the  fame  manner  as  this  followed  the 
magnet. 

On  this  principle  many  ingenious  cind  enter- 
taining pieces  of  mechanifm  have  been  contrived. 
Small  fwans  fwimming  in  the  water  have  been 
made  to  point  out  the  time  of  the  day,  &c* 

Experiment  ii.^ — Place  a  magnet  upon  one 
of  the  brafs  ftands,  and  prefent  one  end  of  a 
fmall  needle  towards  it,  holding  the  other  end 
by  a  piece  of  thread,  to  prevent  the  needle  fixing 
itfelf  to  the  bar,  and  the  needle  will  be  pleafingly 
fufpended  in  the  air  ;  the  needle   will  remain 
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fufpended,  although  a  piece  of  paper,  glafs, 
brafs,  &c.  be  introduced  between  the  magnet 
and  the  needle. 

Experiment  hi. — Sufpcnd  a  magnet  under 
the  fcale  of  a  bal lance,  and  counterpoife  it  by- 
weights  in  the  other  fcale,  then  prefent  a  piece  of 
iron  towards  the  magnet,  it  will  immediately 
defcend,  and,  if  the  iron  is  not  placed  at  too 
great  a  diflance,  will  adhere  to  it :  now  fufpend 
the  iron  under  the  fcale  inftead  of  the  magnet, 
then  bring  the  latter  towards  it,  and  the  iron  will 
defcend  and  adhere  to  the  magnet. 

Experiment  iv. — Hold  one  end  of  the  mag- 
net at  about  half  an  inch  from  fome  fteel  filings, 
and  thefe  will  fly  to  the  magnet  and  form  a  kind 
of  beard  about  the  end  of  the  magnet. 

11.  There  are  certain  Points  in  a  Magnet, 
IN  which  it's  Virtues  seem  as  it  were 
concentrated,  which  are  called  it'« 
Poles. 

Experiment  v. — Let  a  magnet  be  placed  oft 

one  of  the  brafs  (lands  contained  in  the  apparatus, 

and   then  try  what  number  of  iron  balls  it  will 

fuftain  at  different  parts  -,   it  will  be  found  to 
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fupport  mofl;  near  the  ends,  evincing  that  the 
magnetic  power  is  exerted  there  with  the  greatell 
force. 

Take  out  the  fteel  needle  from  between  the 
two  pillars  a  h^  fig.  117,  and  place  in  it's 
Head  the  needle,  one  half  of  which  is  made  of 
fleel,  the  other  half  of  brafs,  the  fteel  part  of  this 
needle  is  to  be  touched ;  on  prefenting  the  fouth 
end  of  a  magnet  to  the  end  of  the  arch,  this  will 
repel  the  end  of  the  needle  to  a  certain  degree, 
but  on  moving  the  magnet  progreflively  forwards, 
the  needle  will  gradually  fall  down  till  it  comes 
to  Zero.  If  the  magnet  is  moved  further,  the 
needle  will  beattradled. 

To  FIND  THE  Poles  of  a  Magnet. 

Experiment  vi. — Let  a  magnet  be  placed 
under  one  of  thofc  panes  of  glafs  which  are 
contained  in  the  bottom  of  the  box ;  lift  fome 
fteel  filings  on  this  glafs,  and  then  ftrike  it  gently 
with  a  key,  in  order  to  throw  the  glafs  into  a 
vibratory  motion  ;  this  will  difengage  the  filings, 
and  they  will  foon  be  arranged  in  a  pleaftng 
manner:  thofe  parts  of  the  magnet,  from  which 
■the  curves  feem  to  take  their  rife,  and  over  which 
the  filings  feem  to  be  almoft  ered,  are  the  poles 
of  the  magnet :   or  roll  the  magnet  or  loadftpnc 
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in  fleel  filings,  which  will  adhere  in  a  greater* 
quantity,  and  more  ftrongly  to  thofe  parts  that 
are  near  the  poles ;  and  thofe  particles  which 
are  over  the  poles  will  be  perpendicular  to  the 
bar,  the  other  particles  will  incHne  towards  the 
poles.  If  a  fmall  needle  be  placed  in  a  glafs 
ball  and  carried  over  the  magnetic  bar,  it  will 
ftand  perpendicular  to  the  bar  when  it  is  over 
either  of  the  poles,  the  various  inclinations  of  a 
piece  of  fleel,  and  at  different  parts  of  a  magnet, 
may  be  pleaiingly  obferved  by  this  little  ap- 
paratus. 

In  this,  as  well  as  many  other  magnetical 
experiments,  a  mechanical  force  is  evidently  ex- 
erted, detaching  the  particles  of  iron  from  one 
fituation,  removing  them  to  another,  and  then 
retaining  them  there  with  coniiderabJe  force. 

Experiment  vii. — The  poles  of  a  magnet 
may  be  afcertained  with  greater  accuracy  by 
means  of  the  fmall  dipping  needle,  fig.  117; 
place  this  on  a  magnet,  and  move  it  backwards 
and  forwards  till  the  needle  is  perpendicular  to 
the  magnet,  it  will  then  point  direclly  to  one  of 
the  poles.  "When  it  is  between  the  north  and 
fouth  poles,  fo  that  their  mutual  a6lions  ballance 
each  other,  the  center  of  the  needle  will  fland  over 
"^vhat  is  called  the  equatgr  of  the  magnet,  and  the 

needle 
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peedle  will  be  exa6lly  parallel  to  the  bar.  If  it 
is  then  removed  towards  either  pole,  it  will  be 
(Jifferently  inclined  according  to  it's  diftancc 
from  the  ppks. 

Experiment  viii.-— rHold  a  common  fmall 
fewing  needle  (with  fome  thread  in  it's  eye) 
near  a  magnet  for  a  few  feconds,  then  bring  it 
gradually  towards  the  middle  of  a  magnetic  bar, 
and  the  powers  of  the  magnet  will  fo  far  coun- 
teract the  force  of  gravity,  as  to  keep  it  fufpended 
in  the  air,  in  a  pofition  which  is  nearly  parallel 
to  that  of  the  magnet. 

There  is  no  magnetical  attradlion  without 
polarity ;  it  is  confequently  abfurd  to  fuppofe, 
that  a  magnet  may  have  a  flrong  attradivc 
power,  but  a  weak  polarity,  or  directive  power. 

III.  The  contrary  Poles  of  two  Magnets 

attract  each  other. 
The  North  Poles  of  tw^o   Magnets,  when 

brought  contiguous,  repel   each   other. 

The  South    Poles   also,    when    brought 

near,  repel  each  other. 

Thefe  phasnomena  are  eaiily  illullrated  by  a 
variety  of  pleafing  experiments. 

Experiment 
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Experiment  ix.— Sufpend  on  a  point  a  touched 
needle,  then  prefent  towards  it's  north  pole  the 
fouth  pole  of  a  magnet,  and  it  will  be  attraded 
by,  and  fly  towards  it ;  prefent  the  other  pole 
of  the  magnet,  and  the  needle  will  fiy  from  it. 

Experiment  X.- — Strew  a  few  fteel  filings 
upon  a  pane  of  glafs,  put  either  the  north  or 
fouth  pole  of  one  of  the  bars  under  the  pane ; 
the  filings  will  rife  upon  the  glafs  as  the  magnet 
approaches.  Bring  the  fame  pole  of  the  other 
bar  dire(flly  over  that  under  the  glafs,  and  when 
it  is  at  a  proper  diftance,  the  fteel  filings  will 
drop  flat  on  the  pane. 

Experiment  xi. — Fix  tw^o  needles  horizontally 
in  two  pieces  of  cork,  and  put  them  in  water ; 
if  the  poles  of  the  fame  name  are  placed  together, 
they  will  mutually  repel  each  other.  If  the  poles 
of  a  contrary  denomination  are  turned  towards 
each  other,  they  will  be  attradted  and  join. 

Experiment  xii. — Dip  the  north  or  fouth 
ends  of  two  magnets  in  (teel  filings,  which  will 
hang  in  cluflers  from  the  end  of  the  bars ;  bring 
the  ends  of  the  bars  towards  each  other,  and  the 
fteel  filings  on  one  bar  will  recede  from  thofe 
on  the  other.    Dip  the  fouth  pole  of  one  magnet, 

and 
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and  the  north  pole  of  the  other,  into  fteel  filings, 
then  let  the  ends  be  brought  near  to- each  other, 
and  the  tufts  of  filings  will  unite,  forming  ftiiall 
circular  arches. 

IV.  The  Powers  or  Properties  of  a 
Magnet  may  be  communicated  to  Iron 
or  Steel. 

To  give  a  detail  of  the  various  procelTes  which 
have  been  fuggefted,  for  the  touching  or  com- 
rnunicating  the  properties  of  the  magnet  to 
iron  or  fteel,  would  alone  fill  a  volume ;  I  fhall 
therefore  only  give  an  account  of  two  general  and 
good  methods,  which  I  prefume  will  be  found 
adequate  to  every  common  purpofe. 

I.  Place  two  magnetic  bars  A  B,  fig.  100,  in 
a  line  with  the  north  or  marked  end  of  one, 
oppofed  to  the  fouth  or  unmarked  end  of  the 
other,  but  at  fuch  a  diflance  from  each  other, 
that  the  magnet  to  be  touched  may  reft  with 
it*s  marked  end  on  the  unmarked  end  of  A,  and 
it's  unmarked  end  on  the  marked  end  of  B ;  then 
apply  the  north  end  of  the  magnet  D  and  the 
fouth  end  of  E  to  the  middle  of  the  bar  C,  the 
oppofitc  ends  being  elevated  as  in  the  figure; 
draw  D  and  E  afunder  along  the  bar  C,  pnc 
towards  A,  the  other  towards  B,  preferving  the 

fame 
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fame  elevation,  remove  D  and  C  a  foot  of  twd 
from  the  bar  when  they  are  off  the  ends,  then 
bring  the  north  and  fouth  poles  of  thefe  magnets 
together,  and  apply  them  again  to  the  middle 
of  the  bar  C  as  before  ;  repeat  the  fame  procefs 
five  or  fix  times,  then  turn  the  bar,  and  touch 
the  oppofite  furface  in  the  fame  manner,  and 
afterwards  the  two  remaining  furfaces,  and  by 
this  means  the  bar  will  acquire  a  ftrong  fixed 
magnetifm. 

2,  Place  the  two  bars  which  are  to  be  touched 
parallel  to  each  other,  and  then  unite  the  ends 
by  two  pieces  of  foft  iron,  called  fupporters,  in 
order  to  preferve,  during  the  operation,  the 
circulationof  the  magnetic  matter ;  the  bars  are 
to  be  placed  fo  that  the  marked  end  D,  fig.  loi, 
may  be  oppofite  the  unmarked  end  B ;  then  place 
the  two  attrading  poles  G  and  I  on  the  middle 
of  one  of  the  bars  to  be  touched,  raifing  the  ends 
fo  that  the  bars  may  forni  an  obtufe  angle  of  loo 
or  1 20  degrees ;  ihe  ends  G  and  I  of  the  bars 
are  to  be  feparated  two  or  three  tenths  of  an  inch 
from  each  other.  Keeping  the  bars  jin  this  pofi- 
tion,  move  them  flowly  over  the  bar  A  B,  from 
one  end  to  the  other,  going  from  end  to  end 
about  fifteen  times.  Having  done  this,  change 
the  poles    of  the  bars,*  and  repeat  the   fame 

operation 

*  That   is,  the  marked  end  of  one  is  always  to  be  againfl 
the  unmarked  end  of  the  other. 
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operation  on  the  bar  C  D,  and  then  on  the 
Oppoiite  faces  of  the  bars ;  the  touch,  thus 
communicated,  may  be  farther  increafed,  by 
rubbing  the  different  faces  of  the  bars  with  fets 
of  magnetic  bars^  difpofed  as  in  fig.  102. 

It  feems,  that  in  order  to  render  ftecl  magne- 
tical,  we  mufl  fo  difpofe  the  pores  that  they 
may  form  contiguous  tubes  parallel  to  each  other^ 
capable  of  receiving  the  magnetic  fluid,  and  then 
propagating  and  perpetuating  it's  motion,  fo  that 
the  magnetic  ftream  may  enter  with  eafc,  and 
be  made  to  circulate  through  it  with  the  greateft 
force  :  to  this  end,  it  is  necelTary  to  be  particu- 
larly attentive  in  the  choice  of  the  fteel  which  i^ 
to  be  touched  ;  the  grain  fnould  be  equal,  fmall, 
homogeneous,  and  v/ithout  knots,  that  it  may 
prefent  a  number  of  equal  and  uninterrupted 
channels  to  the  fluid,  fr%T  one  end  to  the  other  : 
this  is  more  immediately  important  in  the  choice 
of  the  fteel  for  the  needles  of  fea  compalTes,  for 
if  the  fteel  is  impure,  or  the  mode  of  touching 
improper,  the  needle  may  have  different  poles 
communicated  to  it,  which  will  more  or  lefs 
impede  the  adtion  of  the  principal  needle,  accord- 
ing to  their  ftrength  and  fituation. 

The  ftcel  fliould  be  well  tempered,  tnat  the 
pores  may  preferve  for  a  long  time  the  difpofition 
they    have    received,    and    better   refill    thofc 
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changes  in  their  direftion,  ta  which  iron  and 
foft  ileel  are  liable.  The  difference  in  the  nature 
of  fteel  is  exceeding  great,  as  is  ealily  proved  by 
touching  in  the  fame  manner,  and  with  the  fame 
bars,  two  pieces  of  fteclof  eq^ual  fis^e,  but  of  dif- 
ferent kind. 

Steel,  that  is  hardened,  receives  a  more  perfect 
magnetifm  than  foft  fteel,  though  it  does  not 
appear  that  they  differ  from  each  other  in  ar>y 
thing  but  the  arrangement  of  the  parts ;  perhaps 
the  foft  fteel  contains  phlogifton  in  it's  largeft 
pores,  while  hardened  fteel  contains  it  in  the 
fmaller.  Iron,  or  fteel,  have  very  little  air 
incorporated  in  their  pores;  when  they  arc 
feparated  from  the  ore,  they  are  expofed  to  a 
moft  intenfe  degree  of  heat,  and  moft  of  the 
changes  to  which  they  are  afterwards  fubmitted, 
are  effeded  in  a  red  hot  ftate.  A  piece  of  fpring- 
tempered  fteel  will  not  retain  as  much  magnetifm 
as  hard  fteel,  foft  fteel  ftill  lefs,  and  iron  fcarqe 
retains  any.  From  fome  experiments  of  Mr. 
MulTchenbroek,  it  appears,  that  when  iron  i* 
I  tmited  with  an  acid,  it  will  not  become  magne- 
s  tical ;  but  if  the  acid  is  feparated,  and  the  phlo- 
gifton reftored,  it  will  become  as  magnetical  a» 
ever. 

The  dimenfions  and  ftiape  of  a  magnet  will 

make  a  difference  in  it'§  force,  therefore  the  bars* 
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to  be  touched,  fhould  neither  be  too  long  nor 
too  fhort,  but  in  proportion  to  the  thicknefs ; 
if  they  are  too  long,  the  paiTage  of  the  magnetic 
matter  coming  out  of  one  pole^  and  proceed- 
ing round  the  magnet  to  enter  the  other,  will 
be  impeded,  and  it's  velocity  leflened.  If  they 
are  too  fhort,  the  fluid,  which  comes  out  from 
one  pole,  will  be  repelled  and  thrown  back  by 
the  other  a6ling  parts  of  the  magnet,  and  thus 
be  carried  too  far  from  the  pole  into  which  it 
ought  to  enter,  and  prevent  the  continued  cir- 
culation of  the  magnetic  matter.  If  they  are 
too  thin,  then  the  number  of  pores  are  too  few 
to  receive  a  fbream  fufficiently  flrong  to  refill  the 
obilacles  in  the  external  fpace ;  while,  if  they 
are  too  thick,  the  ftrait  and  regular  diredion 
of  the  channel  is  injured  by  the  difficulty  which 
takes  place  in  the  arrangement  of  the  interior 
channels,  as  the  magnetic  matter  has  not  fuffici- 
cnt  force  to  penetrate  the  Heel  to  any  conlide- 
rable  depth,  and  thus  injures  the  circulation  of 
the  fluid. 

All  the  pieces  (hould  be  well  poliflied ;  it  is 
rof  the  greatefl:  importance  that  the  ends  iTnould 
be  flat  and  true,  fo  as  to  touch,  in  as  many  points 
as  is  poffible,  the  ends  of  foft  iron  which  keep 
up  the  circulation.  Inequalities  on  the  faces, 
but  principally  near  the  poles,  are  to  be  avoided, 
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a$  thefe  occafion  irregularities  in  the  circulation, 
and  thus  diminiih  it's  velocity,  which  is  one 
of  the  principal  fources  of  magnetic  power. 
.  Vv  hiic  the  bars  are  touching,  the  ends  of  foft 
iron  fhould  be  kept  in  confiant  contadl  with  the 
bars,  for  a  momentary  reparation  is  fufficient  to 
deftroy  ilie  eftbct  of  tnc  operation,  as  the  fluid 
will  be  inilantly  difperied  in  the  air. 

The  operator  ought  not  to  ftop  longer  on  the 
firfl:  bar  than  is  neceflary  to  open  the  pores,  and 
to  arrange  them  magnpticaljy,  palling  imniedi- 
ately  to  the  other,  to  form  an  opening  for  the 
fluid  which  ilTucs  from  the  firft. 

It  is  mod:  advantageous  to  turn  the  bar  that  is 
j  quitted,  while  the  touching  magnets  are  placed 
on  the  other  ;  by  this  mpans,  the  ftream  that  is 
to  be  excited  will  difpofe  the  channels  of  the  firfl, 
and  thus  render  the  operation  more  efficacious  ; 
beiides,  by  only  turning  one  bar  at  ^  time,  the 
touching  bars  need  never  be  totally  removed 
during  the  whole  operation,  a  circumllance 
which  will  contribute  to  the  ftrength  of  the 
magnet. 

The  touching  bars  fhould  never  be  feparate4 
but  at  the  equator  of  the  magnet ;  and  their 
motion  over  the  others  fhould  be  flow  and 
regular. 

The  magnetic  power  of  touching  needles  ha^ 

been 
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l^een  increafed  by  leaving  them  for  fome  time  ia 
linfeed  oil. 

It  may  contribute  tp  the  effecfls  of  the  ope- 
ration if  the  bars  A  and  B,  fig,  100,  are  placed 
in  the  direction  of  the  magnetic  meridian,  and 
are  inclined  to  the  horizon  in  an  angle  equal  to 
the  dip  of  the  needle.  • 

The  fixed  power,  thus  communicated  to  a 
magnet,  is  impaired  if  it  is  laid  amongfi:  iron, 
or  by  ruft ;  it  rnay  be  injured  alfo  by  fire,  as  each 
of  thefe  circumftances  will  change,  or  confufc 
the  direcftionof  the  magnetic  ftream. 

Place  a  fmall  magnetic  needle  on  the  point  of 
one  of  the  fmall  ftands,  and  put  it  between  two 
magnetic  bars,  fo  that  the  north  end  of  the  bar 
may  be  near  the  fouth  end  of  the  needle;  the 
fmall  needle  will,  without  any  apparent  caufe, 
be  thrown  into  a  violent  vibratory  motion,  and 
feem  as  it  were  animated,  till  it  is  faturated  with 
magnetifm,  when  it  will  become  quiefcent.  The 
vibratory  motion  is  probably  occafioned  by  the 
irregularity  of  the  impreflions  it  receives  from 
the  magnetic  fluid,  and  the  difficulty  that  fluids 
find  in  entering  the  needle. 

All  caufes,  that  are  capable  of  making  the 
magnetic  fluid  move  in  a  ftream,  will  produce 
magnetifm  in  thofe  bodies  vyhich  are  properly 
qualified  to  receive  it. 

If 
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If  bars  of  iron  are  heated,  and  then   cooled 

equally,  in  various  directions,  as  parallel,  per- 
pendicular, or  inclined  to  the  dipping  needle, 
the  polarity  will  be  fixed  according  to  their 
poiition,  ftrongefl  when  they  are  parallel  to  the 
dipping  needle,  and  fo  lefs  by  degrees,  till  they 
are  perpendicular  to  it,  when  they  will  have  no 
fixed  polarity  ;  but  if,  upon  cooling  a  bar  of  iron 
in  Y/ater,  the  under  end  is  coniiderabiy  hotter 
than  the  upper,  and  the  upper  end  is  cooled 
firft,  it  will  fometimes  become  the  north  pole, 
but  not  always.  If  iron,  or  fteel,  undergo  a 
violent  attrition  in  any  one  particular  part,  they 
will  acquire  a  polarity ;  if  the  iron  is  foft,  the 
magneniin  remains  very  lit,tle  longer  than  while 
the  heat  continues.  Lig-htninor  is  the  ftronc^eft 
power  yet  knov/n  in  oroducing  a  ftream  of  mag- 
netifm ;  it  will,  in  an  inftant,  render  hardened 
tieel  flrongly  magnetical,  and  invert  the  poles 
ofa  mag-netic  needle. 

To  make  a  magnetical  bar  with  feyeral  poles^ 
place  magnets  at  thofe  parts  where  the  poles  are 
intended  to  be,  the  poles  to  be  of  a  contrary 
name  to  thofe  required,  and  if  a  fouth  pole  is 
fixed  on  one  part,  the  two  next  places  mufl:  have 
north  poles  fet  againfl:  them  ;  confider  each  piece 
between  the  fupporters  as  a  feparate  magnet,  and 
touch  it  accordingly. 

'  Experiment 
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Experiment  xiii. — Take  a  piece  of  iron 
wire  and  bend  it  into  the  form  of  a  ftaple,  then 
touch  the  middle  of  the  wire  ftaple  with  only 
one  of  the  poles  of  a  magnet,  without  moving 
it  backwards  or  forwards ;  the  place  where  the 
magnet  touches  the  wire  will  be  one  pole,  and  the 
two  ends  the  other  pole- 

Experiment  xiv.-— Take  any  number  of  fmall 
fteel  bars,  lay  them  end  to  end,  and  touch  them 
while  in  this  pofition  ;  when  you  feparate  them, 
there  will  be  a  north  and  a  fouth  pole  at  every 
feparation.  See  a  limilar  experiment  in  the  elTay 
oneledricity. 

Experiment  xv.~Touch  a  piece  of  iron  wire^ 
and  then  twift  it  about  a  large  glafs  tube  or  any 
other  cylindrical  body,  and  the  magnetic  virtue 
will  be  fo  dillurbed,  that  in  fome  parts  it  will 
attract,  and  in  others  repel  the  fame  pole  of  a 
magnetic  needle. 

To  tough  Horseshoe  Magnets. 

As  thefe  magnets  from  their  form  are  capable 
®f  fuftaimng  great  weights,  and  maintaining  the 
circulation  of  the  magnetic  fluid,  I  fhall  defcribe 
a  convenient  mode  of  touching  them. 

Place 
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Place  a  pair  of  magnetic  bars  againfl  the  eiick 
of  the  hOrfeftioe  magnet,  with  the  fouth  end  of 
the  bar  againft  that  end  of  the  horfefhoe,  which 
is  intended  to  be  the  north  ;  and  the  north  end 
of  the  other  bar  to  that  which  is  to  be  the  fouth. 
The  contact:  or  liftci  of  foft  iron  to  be  placed  at 
the  other  end  of  the  bars.  In  this  lituation  the 
magnetic  fluid  which  circulates  through  the  bars 
will  endeavour  to  force  a  paflage  through  the 
horfelhoe  magnet,  and  thus  facilitate  the  further 
communication  of  the  magnetic  virtue  to  the 
horfelhoe  magnet :  to  this  end,  rub  the  furfaces 
of  the  horfedioe  with  a  pair  of  bars  placed  in 
the  form  of  a  compafs,  turning  the  poles  pro- 
perly towards  the  poles  of  the  horfedioe  magnet, 
being  careful  that  thefe  bars  never  touch  the  ends 
of  the  ftrait  bars,  as  this  would  difturb  the  cur- 
rent of  the  magnetic  fluid,  and  injure  the  opera- 
tion. If  the  bars  are  feparated  fuddenly  from 
the  horfefhoe  magnet,  it's  force  will  be  con- 
fiderably  diminifhedi  to  prevent  this,  flip  on 
the  lifter  or  fupport  to  the  end  of  the  horfefhoe 
magnet,  but  in  fuch  a  manner,  however,  that  it 
may  not  touch  the  bars ;  the  bars  may  then  be 
taken  away,  the  fupport  Aid  to  it's  place,  and 
left  there  to  ftrengthen  the  circulation  of  the 
fluid. 

To 
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To  MAKE  AN  Artificial  Lqadstone. 

The  late  Dr.  Gowin  Knight  pofleffed  a  fur- 
prifing  fkiil  in  magnetifm,,  being  able  to  conii- 
rnunicate  an  extraordinary  degree  of  attradliv^ 
and  repulfive  power,  and  to  alter  or  reverfe  the 
poles  at  pleafure ;  but  as  he  refufed  to  difcover 
his  methods,  thefe  curious  and  valuable  fee  rets 
died  with  him.  In  the  LXIXth  volume  of  the 
Philofophical  Tranfa6tions,  however,  Mr.  Ben- 
jamin Wilfon  has  given  a  procefs,  which  dif- 
covers  one  of  the  leading  principles  of  Dr. 
Knight's  art ;  namely,  his  method  of  making 
artificial  loadftones. — >To  this  end  Dr.  Knighc 
provided  himfelf  with  a  fufficient  quantity  of 
clean  iron  filings,  he  put  them  into  a  large  tub 
more  than  one  third  filled  with  v/ater,  he  then 
with  great  labour  worked  the  tub  to  and  fro  for 
many  hours  together,  that  the  fridtion  between 
the  grains  of  iron,  by  this  treatment,  might  break 
off  fuch  fmaller  parts  as*  would  remain  fufpended 
in  the  water  for  a  time.  The  obtaining  thefe 
very  fmall  particles  in  fufficient  quantity,  feem- 
ed  to  him  to  be  one  of  the  principal  defiderata 
in  the  experiment.  The  water  being  by  thi$ 
means  rendered  muddy,  he  poured  the  fame  into 

3  C  a  cleaa 
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a  clean  iron  vefTel,  leaving  the  filings  behind^ 
and  when  the  water  had  flood  long  enough  to 
become  clear,  he  poured  it  out  carefully,  with- 
out diflurbing  fuch  of  the  fediment  as  ftill  re- 
mained, which  now  appeared   reduced  almoft 
to  an  impalpable  powder.     This    powder    v/as 
afterwards  removed  into  another  veflel,  in  order 
to  dry  it ;  but  as  he  could  not  obtain  a  proper 
quantity  thereof  by   this  one   procefs,  he   was 
obliged  to  repeat  the  procefs  many  times.     Hav- 
ing at  lad  procured  a  fufficient  quantity  of  this 
fine  powder,  the  next  thing  was  to  make  a  pafle 
of  it,    and   that  with  fome  vehicle  that  fhould 
contain  a  fufficient  quantity  of  the   phlogiflic 
principle ;  for  this  purpofe  he  ufed  linfeed  oil, 
and  with  thofe  two  ingredients  he  made  a  pufF 
pafle,  and  took  particular  care  to  knead  it  well 
before  he  moulded  it   into  convenient  fhapes. 
This  pafle  was  then  put  on  wood  or  tiles  at  about 
'k  foot  dillance   from  a  moderate  fire ;  a  great 
degree  of  he^t  frequently  cracked  the  compofi- 
tion.    The  time  for  bX^king    or    drying  this 
pafte  was  about  five  or  fix  hours,  at  which  time 
they  had  generally  attained  a  fufhcient  degree 
of  hardnefs  ;  when  this  was  done,  he  gave  them 
.  the  magnetic  virtue  in  any  diredlion  he  pleafed, 
by  placing  them  for  a  few  feconds  between  his 

large 
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large  magazine  of  artificial  magnets,  where  they 
acquired  fuch  force,  that  when  any  of  their 
pieces  were  held  between  two  of  his  beft  ten 
guinea  bars,  with  it's  poles  purpofely  inverted, 
it  immediately  turned  itfelf  about  to  recover  it's 
natural  diredtion,  which  the  force  of  thofe  very 
powerful  bars  were  not  able  to  countera6l.  / 

Rull  of  iron  and  common  flone  cemented 
together  by  any  fat  fubilance  will  alfo  form  an 
artificial  loadftone. 

Of    Armed   Magnets. 

In  a  ftrait  loaddone  or  rnagnet,  the  ftream  is 
carried  back  on  all  fides  in  curved  lines,  but 
applying  plates  of  foft  iron  to  the  poles  of  the 
magnet,  the  diredtioq  of  the  fluid  is  changed, 
and  it  is  conduced,  united,  and  condenfed  at 
the  feet  to  the  armpur,  fo  that  if  the  feet  are 
connedi'ed  by  another  piece  of  iron  which  is  called 
the  lifter,  the  ftream  proceeding  from  one  pole 
will  be  carried  by  the  lifter  to  the  other,  w  hich 
caufes  it  to  adhere  with  confiderable  force. 

The  armour  (hould  be  made  of  fpft  hprno- 
geneous  iron,  well  fitted  to  th^  ends  of  the 
magnets ;  it  fhould  alfo  be  thicker  in  proportion 
as  the  diftance  of  the  poles  from  each  other 
incrcafes, 

3  C  2  ExPEPvIMENT 
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Exi^ERiMENT  XVI. — ^Placc  an  armed  mggnet 
under  a  glafs  plane  which  has  been  ftrewed  over 
M^ith  Heel  filings,  and  thefe  will  arrange  them- 
felvcs  in  curves  from  one  foot  of  the  armour  to 
the  other. 

GafTendi  invented  a  peculiar  kind  of  armour, 
which  was  formed  by  piercing  a  magnet  in  the 
direcflionof  the  axis,  and  placing  a  cylinder  ojf 
iron  in  the  hole,  which  augmented  confiderably 
the  force  of  the  magnet. 

Experiment  XVII.' — Mr.  Van  Swinden  applied 
to  an  artificial  magnet  B,  fig.  io6,  which 
fupported  four  ounces  by  it*s  north  pole,  another 
magnet  b,  fo  that  it's  north  pole  was  almoft  half 
an  inch  from  the  pole  which  fupported  the 
U'eight,  and  this  pole  immediately  fi:ipported 
feven  ounces.  Du  Hamel,  Le  Maire,  &c. 
have  alfo  made  many  curious  experiments  on 
this  head. 

Experiment  xviii.— Apply  a  bar  of  iron  M 
N,  fig.  107,  to  one  foot  of  an  armed  magnet, 
and  it  is  fupported  ;  approach  the  iron  lifter  of 
the  magnet,  fo  that  it  may  touch  this  bar  and 
the  armour,  and  the  bar  will  fall. 

Experiment  xix. — Apply  to  the  pole  B,  fig. 

108, 


Magnetism.  ^05 

108,  a  fiTiall  piece  of  iron,  nearly  as  much  as 
that  foot  of  the  armour  will  fuflain  ;  let  this  piece 
of  iron  reach  a  little  beyond  the  foot  of  the 
armour,  then  apply  the  lifter  to  the  foot  A,  fo 
that  it  may  touch  the  piece  of  iron  M,  and  the 
magnet  will  then  fupport  a  conlidcrable  addition 
of  weight. 

Experiment  xx, — If  one  end  of  the  armour 
of  a  magnet  only  jufl  fuftains  an  iron  ball,  it 
will  fupport  two  or  three  balls,  if  the  contrary 
pole  of  a  magnet  is  brought  near  it. 

Experiment  xxi. — Place  an  armed  magnet 
at  the  magnetic  equator  and  fome  diftance  from 
a  magnetic  needle,  and  mark  how  much  it  makes 
it  deviate  from  it's  lituation.  Apply  the  con- 
trary pole  of  another  magnet  to  the  end  of  the 
armed  one,  and  the  needle  will  be  more  ftrongly 
attradled. 


V.  Let 
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V.  Let  an  Iron  Rod  be  exactly  ballanced 

AND  SUSPENDED  ON  A  PoiNT,  SO  AS  TO 
REVOLVE      IN    A      PlaNE    PARALLEL      TO      THE 

Horizon  ;  communicate  the  Magnetic 
Virtue  to  this  Rod,  and  one  Extremity 
will  be  always  directed  towards  thg 
North, 

ExBEr>iMENT  xxii.— Place  any  of  the  un- 
touched needles  in  the  apparatus  on  a  point,  and 
it  may  be  fixed,  or  will  remain  in  any  required 
iituation ;  communicate  the  magnetic  virtue  to 
it,  and  it  will  no  longer  be  indifferent  as  to  it's 
fituation,  but  will  fix  upon  one,  in  preference  to 
any  other,  one  end  pointing  towards  the  north, 
the  Qth^r  towards  the  fouth. 

Experiment  xxiii. — Float  a  magnet  on 
water  by  means  of  cork,  and  it  will  place  itfelf  in 
the  diredlion  of  the  magnetic  meridian.  A 
.  terella  floated  on  quickfilver  will  do  the  fame, 
the  magnetic  axis  conforming  itfelf  to  the  direc- 
tion of  the  meridian. 

It  is  not  improbable,  that  in  fome  future 
period  it  may  be  difcovered,  that  mod  bodies 
are  poffefied  of  a  polarity,  and  will  alTume  direc- 
tions relative  to  the  various  affinities  of  the 
elements  of  which  they  are  compounded. 
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The  dire(flive  power  of  a  touched  needle  is 
of  the  greatell  importance  to  mankind,  as  it 
enables  the  mariner  to  traverfe  the  ocean,  and 
thus  unite  the  arts,  manufadures,  and  know- 
ledge of  dillant  countries,  together.  The  fur- 
veyor,  the  miner,  and  the  aftronomer,  derive 
many  advantages  from  this  wonderful  pro- 
perty. 

The  mariner's  compafs  confifts  of  three  parts, 
the  box,  the  card  or  fly,  and  the  needle. 

The  card  is  a  circle  of  ilifF  paper  repi-efenting 
the  horizon,  with  the  points  of  the  compafs 
marked  on  it  ;  the  magnetical  needle  is  fixed  to 
the  under  fide  of  this  card ;  the  center  of  the 
needle  is  perforated,  and  a  cap,  with  a  conical 
agate  at  it's  top,  is  fixed  in  this  perforation  ;  this 
cap  is  hung  on  a  fteel  pin,  which  is  fixed  to  the 
bottom  of  the  box,  fo  that  the  card  hanging  on 
the  pin  turns  freely  round  it's  center ;  one  of  the 
points  being  from  the  property  of  the  needle 
always  diredted  towards  the  north  pole.  The 
box,  which  contains  the  card  and  needle,  is  a 
circular  brafs  box  hung  within  a  fquare  wooden 
one,  by  two  concenr.ric  rings  called  jimbals,  fo 
fixed  by  crofs  centers  to  the  two  boxes,  that  the 
inner  one  (hall  retain  an  horizontal  pofition  in 
all  motions  of  the  Ihip.     The  top  of  the  inner 

box 
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box  has  a  cover  of  glafs  to  prevent  the  card  from 

being  diflurbed  by  the  wind.* 

It  has  been  already  obferved,  that  the  ancients 
do  not  feem  to  have  been  acquainted  with  the 
diredive  power  of  the  magnet..  The  only  thing 
that  feems  capable  of  being  mifl^^ken  for  fome 
iiich  knowledge,  is  what  JambUchii$  tells  us  in 
his  life  of  Pythagoras,  ^at  Pyihagorhi  took  from 
Abaris,  the  Hyperborecviy  his  golden  dart,  zv  it  bout 
which  it  was  hnpojfiblefor  him  to  find  his  road.  But 
the  authority  of  the  writer,  as  well  as  the  ob- 
fcurity  of  the  paliage,  prevents  any  concluiion 
being  drawn  from  it. 

Paul  the  Venetian  is  faid  to  have  introduced 
the  ufe  of  the  compafs  in  1260,  but  this  is  faid 
not  to  have  been  his  own  invention,  but  borrowed 
from  the  Chincfe.  P,  Gaubil  fays,  the  direc- 
tive power  of  the  needle  was  known  to  the  Chinefe 
as  early  as  the  year  A.  D.  223,  under  the  Dy- 
nafty  of  Haz.  But  the  Abbi  Renaudot,  in  his 
Diflertation  on  the  Stone,  when  the  Mahomedans 
went  firfl  to  China,  has  adduced  ftrong  reafons 

to 

*  Before  the  compafs  was  invented,  the  navigating  of 
fliips  was  a  tedious  and  precarious  operation,  and  fcldom 
performed  out  of  fight  of  land ;  but  this  infhrument 
enables  the  mariner  to  travel  over  the  feas  almoft  in  as  direft 
and  true  a  traft,  as  the  land  carrier  dirc6ls  his  carriage  in  a 
well  bea.ten  road. 
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to  prove,  that  the  Chinefe  knew  nothing  of  the 
mariner's  compafs,  till  it  was  introduced  there 
by  the  Europeans.  Vertomanus  affirms,  that  A. 
D.  1500  he  faw  an  Eaft  Indian  pilot  direQ  his 
courfe  by  a  compafs,  framed  and  faftened  like 
thofeufed  in  Europe;  but  this  muft  be  received 
with  fome  caution,  as  Mr.  Barlow,  in  J 597, 
fays  that  in  a  perfonal  conference  with  two  Eaft 
Indians  he  was  told  by  them,  that  inflead  of  our 
compafs  they  made  ufe  of  a  magnetical  needle  of 
fix, inches  or  longer,  fet  upon  a  pin  in  a  difh  of 
white  China  earth  filled  with  water ;  that  in  the 
bottom  of  the  difh  they  had  two  crofs  lines,  to 
mark  the  four  principal  winds,  and  that  the  reft 
of  the  diviiions  were  left  to  the  fkill  of  the  pilot. 
But  to  return  to  Europe,  Mr.  Perrault,  in  his 
parallel  between  the  ancients  and  the  moderns, 
has  cited  fome  verfes  of  Guyot  de  Provins,  who 
V/rote  in  11 80,  which  fhew  diftindly  that  the 
mariner's  cornpafs  was  known  in  the  South  of 
France  at  that  time. 
"  There  is,  "  fays  he, 

"  A  ftar  that  never  moves, 
"  And  an  art  that  ne'er  deceives, 
*'  By  virtue  of  the  compafs, 
*'  An  ugly  black  fxone 
*^  Which  always  attracls  iron.*' 
Though  by  mod  writers  the  invention  of  the 
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compafs  is  afcribed  to  Flavio  Goin  of  Analfi  in 
Campanee,  who  lived  about  the  year  1300.  He 
is  faid  to  be  the  firft  that  applied  it  to  navigation 
in  the  Mediterranean. 

Mr.  de  Lalande  informs  us,  that  in  *'  Le  trefor 
de  Brunet/'  a  manufcript  in  the  French  king's 
library,  there  is  a  palTage  which  proves  that  the 
compafs  was  made  ufc  of  about  the  year  1 260. 

VI.  The  Needle  of  the  Mariner's  Compass 

DOES  NOT  POINT  EXACTLY  TO  THE  NoRTH, 
BUT  IS  OBSERVED  TO  CHANGE  It's  AzIMUTH, 
POINTING  SOMETIMES  TOWARDS  THE  EaST, 
AND       SOMETIMES       TO     THE     WeST     OF     THE 

Meridian. 

Fig.  109,  N  S  reprefents  the  true  meridian 
line;  and  E  W,  the  eaft  and  weft  line  which  is 
perpendicular  to  it ;  now  the  magnetic  needle 
A  B  does  not  diredl  itfelf  fo  as  to  coincide  with 
the  meridian  line  N  S,  but  feparates  itfelf  fo  as 
to  form  an  angle  N  C  B,  at  prefent  of  about  22 
degrees. 

This  deviation  from  the  meridian  is  called 
the  Variation  of  the  needle,  and  is  different  at 
different  parts  of  the  world,  being  weft  at  fome 
places,  eaft  at  others,  and  in  parts  where   the 

variation 
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variation  is   of  the  fame  name,  it's  quantity  is 
Very  different. 

Though  the  dire6live  power  of  the  compafs 
was  applied  to  the  purpofes  of  navigation  in  the 
fourteenth  and  fifteenth  century,  it  does  not 
appear,  that  there  were  any  apprehenlions  during 
that  time  of  it's  pointing  otherways  than  due 
north  and  fouth. 

The  variation  of  the  compafs  is  faid  to  have 
been  firft  difcovered  by,  Columbus,  in  his  voyage, 
the  latter  end  of  the  fifteenth  century,  for  the 
difcovery  of  that  part  of  the  world  which  is  now 
called  the  Weft  Indies.  But  the  firft  pcrfon  who 
difcovered  that  it  was  real,  and  was  the  fame  to 
all  needles  in  the  fame  place,  is  generally  allowed 
to  be  Sebaftion  Cabot.  This  was  about  the  year 
1497. 

After  the  variation  was  difcovered  by  Cabot, 
it  was  thought,  for  a  long  time,  to  be  invariably 
the  fame,  at .  the  fame  places,  in  all  ages  ;  but 
Mr.  Gellibrand,  about  the  year  1625,  difcover- 
ed that  it  was  different  at  different  times,  in 
the  fame  place. 

From  fucceffive  obfervations  made  afterwards, 
it  appears,  that  this  deviation  was  not  a  conftant 
quantity,  but  that  it  gradually  diminiihed,  and 
at  laft  about  1 660  it  was  found  that  the  needle 
pointed  due  north  at  London,  and  has  ever  fince 
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been  increaiing  to  the  weft  ward  of  the  north. 
So  that  in  any  one  place  the  variations  have  a 
kind  of  libratory  motion,  traverfing  through  the 
north  to  unknown  limits  eaftward  and  weft- 
ward. 

Dr.  Hal  ley  in  the  laft  century  publifhed  a 
theory  of  the  variation  of  the  compafs.  In  this 
work,  he  fuppofes  that  there  are  four  magnetic 
poles  in  the  earth  ;  two  of  which  are  fixed,  and 
two  moveable,  by  which  he  explains  the  different 
variation  of  the  compafs  at  different  times  in 
the  fame  place.  But  it  is  impoflible  to  apply 
exact  calculations  to  fo  complicated  an  bypo- 
thefis. 

Mr.  Euler  has  fhewn,  that  two  magnetic  poles 
placed  on  thefurface  of  the  earth  will  fufficiently 
account  for  the  fingular  figure  affumed  by  the 
lines"  which  pafs  through  all  the  points  of  equal 
variation  in  the  chart  of  Dr.  Halley. 

Mr.  Euler  firft  examines  the  cafe  wherein  the 
two  magnetic  poles  are  direclly  oppofite  ;  fe- 
condly,  he  places  them  in  two  oppolitc  meridians, 
but  at  unequal  diftances  from  the  poles  of  the 
world  ;  thirdly,  he  places  them  in  the  fame 
meridian ;  finally,  he  confiders  them  iituated 
on  two  different  meridians.  Thefe  four  cafes 
may  become  equally  important  ;  becaufe,  if  it  is 
determined  that  there  are  only   two  magnetic 

poles. 
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poles,  and  that  thefe  poles  change  their  fituation, 
it  may  hereafter  be  difcovered,  that  they  pafs 
through  all  the  different  portions. 

Mr.  Euler,  after  having  examined  the  different 
cafes,  finds  that  they  alfo  exprefs  the  earth's 
magnetifm,  as  reprefented  in  the  chart  publifhed 
by  Meffrs.  Mountaire  and  Dodfon  in  1 744,  par- 
ticularly throughout  Europe  and  North  America, 
if  the  following  principles  are  eftablifhed. 

Between  the  ar8:ic  pole  and  the  magnetic  pole 
14''  53'.  Between  the  antardlic  and  the  other 
magnetic  pole  29^23',  53°  18'  the  angle  at  the 
north  pole  formed  by  the  meridian's  pafling 
through  the  two  magnetic  poles,  250°  the  lon- 
gitude of  the  meridian,  which  paffes  over  the 
northern  magnetic  meridian. 

I  fhall  now  give  a  fhort  defer iption  of  a 
variation  compajsy  an  inilrument  which  is  ufed  to 
obferve  with  accuracy,  the  deviation  of  the  needle 
from  the  meridian.  To  this  end  it  fhould  poffefs 
the  following  properties. 

1 .  That  it  may  be  eafily  and  accurately  placed 
in  the  meridian. 

2.  It  fhould  indicate  fmali  variations  of  the 
needle. 

3.  That  the  nonius,  which  marks  the  fmall 
variation  of  the  needle,  may  be  moved  without 
difturbing  it, 
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4.  That  the  needle  maybe  eafily  taken  off  and 
inverted,  to  difcover  whether  the  line  marked  on 
the  needle  coincides  with  the  diredlion  of  mag- 
netifm  in  the  needle. 

Fig.  1 10  reprefents  a  variation  compafs,  which 
it  is  prefumed  will  anfwer  the  foregoing  purpofes. 
It  has  a  glafs  cover,  which  is  made  to  Aide  on 
or  to  be  taken  off  occaiionally,  two  graduated 
arches  are  fixed  at  each  end  of  the  box  with  a 
moveable  nonius  to  each  arch,  the  noniufes  are 
both  moved  by  means  of  the  milled  nut  A,  with- 
out difturbing  the  iituation  of  the  needle. 

The  inftrument  is  placed  in  the  meridian  by 
a  telefcope,  whofe  line  of  collimation  is  parallel 
to  the  zero  line  of  the  inftrument.  The  telef- 
cope  is  to  be  placed  in  two  forks,  in  the  manner 
advifed  by  Mr.  Magellan  in  his  Colledion  de 
differens  Traites  fur  des  Inffrumens  D'Affro- 
nomie,  &c.  p.  227,  where  the  reader  will  find 
fome  obfervations  on  the  adjuftments,,,  which  are 
too  long  to  be  introduced  in  this  effay.  When 
the  inftrument  is  placed  in  the  meridian,  the 
method  of  obferving  is  to  move  the  northern 
nonius  till  the  middle  divilion  coincides  with  the 
line  on  that  end  of  the  needle;  and  the  nonius 
will  then  (hew  the  angle  that  end  of  the  needle 
makes  with  the  meridian.  If  the  lix^e  on  the 
fouthern  end   of  the  needle  coincides  with  the 

middle 
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middle  diviiion  of  it's  nonius,  the  foregoing  ob- 
fervation  is  fufficient ;  if  not,  the  fouthern  no- 
nius muft  be  moved  till  it  coincides  with  this 
end  of  the  needle,  and  the  mean  between 
the  two  numbers  thus  found  will  be  the  true 
angle. 

The  needle  is  fo  conftrudled,  that  it  may  be 
readily  taken  off  the  cap  and  inverted,  in  order 
to  obferve  with  the  under  face  of  the  needle  up- 
permoft,  to  difcover  whether  the  line  on  the 
needle  is  parallel  to  the  dircdlion  of  the  mag- 
netifmin  the  needle,  and  hence  difcover  whether 
this  line  gives  the  true  angle  which  the  direcftion 
of  magnetifm  makes  with  the  meridian.  Hav- 
ing made  the  obfervation  as  before  with  both 
ends  of  the  needle,  invert  and  obferve  what  is 
now  (hewrj  by  the  inverted  ends  of  the  needle, 
and  if  the  line  is  parallel  to  the  diredlion  of  the 
magnetifm  in  the  needle,  the  mean  of  the  ob- 
fervation with  the  inverted  ends  will  agree  with 
the  foregoing ;  on  the  other  hand,  if  it  is  not 
parallel  to  the  diredlion  of  magnetifm,  but  makes 
it  appear  too  much  when  the  needle  is  upright, 
it  will  appear  as  much  lefs  v;hen  inverted,  fo 
that  the  mean  of  the  foregoing  means  is  the 
true  angle  w^hich  the  needle  makes  with  the  zero 
line  of  the  compafs. 

About  the  year  1722  and  1723,  Mr.  George 

Graham  made  a  great  number  of  obfervations  on 
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the  diurnal  variations  of  the  magnetic  needle. 
In  the  year  1750,  Mr.  Wargentin  took  notice 
of  the  regular  diurnal  variation  of  the  needle; 
and  alfo  of  it's  being  difturbed  at  the  time  of 
an  aurora  borealis.  About  the  latter  end  of  the 
year  1756,  Mr.  Canton  began  to  make  obfer- 
vations  on  the  variation,  and  in  1759  communi- 
cated the  following  valuable  experiments  to  the 
Royal  Society, 

The  obfervations  were  made  by  him  for  603 
days;  on  574,  out  of  thefe,  the  diurnal  variation 
was  regular.  The  abfolute  variation  of  the  needle 
vi^ellward  was  increafing,  from  about  eight  or  nine 
o'clock  in  the  morning,  till  about  one  or  two  in  the 
afternoon,  when  the  needle  became  ftationary  for 
fome  time ;  after  that  the  variation  weflward  was 
decreafing,  and  the  needle  came  back  again 
to  it's  former  fituation  in  the  night,  or  by  the 
next  morning. 

The  diurnal  Variation  is   irregular  w^hen 
THE   Needle   moves    slowly    eastward,  in 

THE    LATTER      PaRT     OF     THE    MoRNING,    OR 

w^estward  in  the  latter  part  of  the 
Afternoon  ;  also  whExNt  it  moves  much 
EITHER  Way  after  Night,  or  suddenly^ 
both  Ways  in  a  short  Time, 

Thefe  irregularities  feldom  happen  more  than 

once 
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once  or  twice  in  a  month,  and  are  always  accom- 
panied with  an  aurora  borealis. 

The  attracflive  power  of  a  magnet  will  de- 
creafe  while  it  is  heating,  and  increafe  while  it 
is  cooling;  the  greater  the  force  of  the  fame 
magnet,  the  more  it  will  loofe  in  a  given  degree 
of  heat. 

Experiment  xxiv.  —  About  E  N  E  from  a 
compafs,  a  little  more  than  three  inches  in 
diameter,  Mr.  Canton  placed  a  fmall  magnet 
two  inches  long,  half  an  inch  broad,  and  three- 
twentieths  of  an  inch  thick,  parallel  to  ihe  mag- 
netic meridian ;  and  at  fuch  a  diftance,  that  the 
power  of  the  fouth  end  of  the  magnet  was  but 
juft  fufficient  to  keep  the  north  end  of  the  needle 
to  the  N  E  point,  or  to  45  degrees. 

The  magnet  being  covered  by  a  brafs  weight 
ofiixteen  ounces,  about  two  ounces  of  boiling 
water  was  poured  into  it,  by  which  means  the 
magnet  was  gradually  heating  for  feven  or  eight 
minutes ;  and  during  diat  time,  the  needle  moved 
about  three  quarters  of  a  degree  weftward,  and 
became  flationary  at  44°^;  in  nine  minutes 
more,  it  came  back  a  quarter  of  a  degree,  or  to 
44°  1;  but  was  fome  hours  before  it  gained  it's 
former  lituation,  and  flood  at  45^ 

3  E  Experiment 
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Experiment  xxv*. — On  each  fide  of  the  com- 
pafs,  and  parallel  to  the  magnetic  meridfan,  he 
placed  a  flrong  magnet,  of  the  fize  above-men- 
tioned ;  fo  that  the  fouth  ends  of  both  the  mag- 
nets z6itd  equally  on  the  north  end  of  the  needle, 
and  kept  it  in  the  magnetic  meridian ;  but  if 
either  of  the  magnets  was  removed,  the  needle 
was  attracted  by  the  other,  fo  as  to  Hand  at  45 
degrees.  The  magnets  were  both  covered  with 
brafs  weights  of  fixteen  ounces  each.  Into  the 
eaflern  weight  about  two  ounces  of  boiling  water 
was  poured ;  and  the  needle  in  one  minute  moved 
half  a  degree,  and  continued  moving  weftward 
for  about  feven  minutes,  when  it  arrived  at  2*'i. 
It  was  then  ftationary  for  fome  time ;  but,  in 
twenty  four  minutes  from  the  beginning,  it  came 
back  to  2^*2,  and  in  fifty  minutes  to  2%.  He 
then  filled  the  weftern  weight  with  boiling  water, 
and  in  one  minute  the  needle  came  back  to  i  °|  5 
in  fix  minutes  more  it  flood  half  a  degree  eaft- 
%vard ;  and  after  that,  in  about  forty  minutes, 
it  returned  to  the  magnetic  north,  or  it's  firft 
fituation. 

It  is  evident,  that  the  magnetic  parts  of  the 
earth  in  the  north  on  the  eaft  fide,  and  the  mag- 
netic parts  of  the  earth  in  the  north  on  the  weft 
fide  of  the  magnetic  meridian,  equally  attradl 
the  north  end  of  the  needle.     If  then  the  eaftern 

magnetic 
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magnetic  parts  are  heated  fafter  by  the  fun  in 
the  morning,  than  the  weftern,  the  needle  will 
move  weftward,  and  the  abfolute  variation  will 
increafe ;  when  the  attracting  parts  of  the  earth 
on  each  fide  of  the  magnetic  meridian  have  their 
heat  increadng  equally,  the  needle  will  be  fla- 
tionary,  and  the  abfolute  variation  will  then  be 
greateft ;  but,  when  the  weftern  magnetic  parts 
are  either  heating  fafter,  or  cooling  (lower  than 
the  eaftern,  the  needle  will  move  eailward,  or 
the  abfolute  variation  will  decreafe ;  and  when 
the  eaflern  and  weftern  magnetic  parts  are  cool- 
ing equally  fall:,  the  needle  will  again  be  fla- 
tionary,  and  the  abfolute  variation  will  then  be 
lead.     This  may  be  ftill  further  illuflrated,   by 
placing  the  compafs  and  tv/o  magnets,  as  in  the 
lafl  experiment,  behind  a  fcreen  near  the  middle 
of  the  day  in  fum.mer ;  then,  if  the  fcreen  be  fo 
moved,  that   the  fun  may  fhine  only  on  the 
eaftern  magnet,  the  needle  will  feniibly  vary  in 
it's  diredion,  and  move  towards  the  weft ;  and 
if  the  eaftern  magnet  be  ihaded,  while  the  fun 
fhines  on  the  weftern,  the  needle  will  move  the 
contrary  way.     By  this  theory,  the  diurnal  va- 
riation in  the  fummer  ought  to  exceed  that  in 
the  winter ;  and  we  accordingly  find  by  obfer- 
vation,  that  the  diurnal  variation  in  the  months 
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of  June  and  July  is  almoft  double  that  of  De- 
ceniberand  January^ 

The  irregular  diurnal   variation    muft    arifc 
from  fonne  other  caufe  than  that  of  heat  com- 
municated by  the  fun  :   and  here  we  mull  have 
recourfe   to  fubterranean   heat,  which  is  gene- 
rated without  any  regularity  as   to  time,  and 
which  will,  when  it  happens  in  the  north,  af- 
fed  the  attradive  power  of  the  magnetic  parts 
of   the  earth  on  the  north  end  of  the  needle. 
The  Reverend  Dr.  Hales  has  a  good   obferva- 
tion  on  this  head,  in  the  Appendix  to  the  fecond 
volume  of  his  Statical  Eflays,  which  I  fliall  here 
tranfcribe.     "  That  the  warmth  of  the  earth,  at 
*'  fome  depth  under  ground,  has  an  influence 
**  in  promoting  a  thaw,  as  well  as  the  change  of 
**  the  weather  from  a  freezing  to  a  thawing  ftate, 
**  is  manifefl  from  this  obfervation ;  viz.  Nov. 
**  27,  1 73 1,  a  little  fnovv  having  fallen  in  the 
"  night,    it  was,  by  eleven   the  next  morning, 
*'  moftly  melted  away  onthefurface  of  the  earth, 
**  except  in  feveral  places  in  Bufliy-Park^  were 
"  there  w^ere  drains  dug,  and  covered  v/ith  earth, 
**  where  the    fnow   continued  to   lie,    whether 
'^  thofe  drains  were  full  of  water,  or  dry ;  as 
**  alfo    where    elm-pipes    lay    under    ground ; 
"  a  plain   proof  that   thefe  drains  intercepted 
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^^  the  warmth  of  the  earth  from  afccnding  from 
**  greater  depths  below  them ;  for  the  fnow 
"  lay  where  the  drain  had  more  than  four 
"  feet  depth  of  earth  over  it.  It  continued 
"  alfo  to  lie  on  thatch^  tiles,  and  the  tops  of 
''  walls/' 

That  the  air  neareft  the  earth  will  be  moft 
^'armed  by  the  heat  of  it,  is  obvious;  and  this 
has  frequently  been  taken  notice  of  in  the  morn- 
ing, before  day,  by  means  of  thermometers  at 
different  diftances  from  the  ground,  by  the  Re- 
verend Dr.  Miles,  at  Tooting,  in  Surrey ;  and 
is  mentioned  in  p.  526,  of  the  48th  volume  of 
the  Philofophical  Tranfadlions. 

The  aurora  borealis,  which  happens  at  the 

time  the  needle  is  difturbed  by  the  heat  of  the 

earth,  is  fuppofed  to  be  the  ele&icity  of  the 

heated  air  above  it ;   and  this  will  appear  chiefly 

in  the  northern  regions,  as  the  alteration  in  the 

heat  of  thofe  parrs  will  be  grcateft.     This  hy- 

pothelis  will  not  feem  improbable,  if  it  be  con- 

lidered,  that  ciedricity  is  now  known  to  be  the 

caufe  of  thunder  and  lightning  ;  that  it  has  been 

cxtraded  from  the  air  at  the  time  of  an  aurora 

borealis ;  that  the  inhabitants  of  the  northern 

countries  obferve  the  aurora  to  be  remarkably 

ftrong,  when  a  fudden  thaw  happens  after  fb- 

vcre  cold  weather;  and  that  the  curious  in  thefc 

matters 
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matters  are  now  acquainted  with  a  fubflancc, 
that  will,  without  fridlion,  both  emit  and  ab- 
forb  the  eledlrical  fluid,  only  by  the  increafe  or 
diminution  of  it's  heat :  for  if  the  Tourmalin 
be  placed  on  a  plane  piece  of  heated  glafs,  or 
metal,  fo  that  each  fide  of  it,  by  being  perpen- 
dicular to  the  furface  of  the  heating  body,  may 
be  equally  heated,  it  will,  while  heating,  have 
the  eledlricity  of  one  of  it's  fides  pofitive,  and 
that  of  the  other  negative ;  this  will  likewife  be 
the  cafe  when  it  is  taken  out  of  boiling  water, 
and  fuifercd  to  cool ;  but  the  fide  that  was  pofi- 
tive while  it  was  heating,  will  be  negative  while 
it  is  cooling,  and  the  fide  that  was  negative, 
will  be  pofitive. 

If  A  Needle,  which  is  accurately  ballancid 

AND  SUSPENDED  SO  AS  TO  TURN  FREELY  IN 
A    VERTICAL  PlANE,  BE  RENDERED    MAGNETI- 

CAL,  THE  North  Pole  will  be  depressed, 
AND  the  South  Pole  elevated  above  the 
Horizon.  This  Property  is  called  the 
Dip  of  the  Needle. 

Fig.  Ill,  HO  reprefents  an  horizontal  line 
placed  in  the  magnetic  meridian  de,  2,  line  at 
right  angles  to  it,  b  a  the  fituation  a  needle  would 
take  at   London  with  refped  to   the  horizon, 

"making 
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making  with  the  horizontal  line  an  angle  of  72 
with  the  vertical  line. 

This  property  was  difcovered  by  Robert  Nor- 
man, about  the  year  1576.  We  Ihall  give  the 
account  of  the  difcovery  in  his  own  w^ords. 

"  Having,  fays  he,  made  many  and  divers 
compalTes,  and  uiing  always  to  finifh  and  end 
them  before  I  touched  the  needle,  I  found  con- 
tinually that  after  I  had  touched  the  yrons  with 
the  ftone,'  that  prefently  the  north  point  thereof 
would  bend  or  decline  downwards  under  the  ho- 
rizon in  fome  quantity ;  infomuch,  that  to  the 
flie  of  the  compafs,  which  before  was  made 
equal,  I  was  flill  conftrained  to  put  fome  fmall 
piece  of  wax  in  the  fouth  part  thereof,  to  coun- 
terpoife  this  declining,  and  to  make  it  equal 
again. 

**  Which  effect  having  many  times  paffed  my 
hands  without  any  great  regard  thereunto,  as 
ignorant  of  any  fuch  property  in  the  flone,  and 
net  before  having  h€ard  nor  read  of  any  fuch 
matter ;  it  chanced  at  length  that  there  came  to 
my  hands  an  inflrument  to  be  made,  with  a 
needle  of  fix  inches  long,  which  needle  after  I 
had  polifhed,  cut  off  at  juO"  length,  and  made 
to  fband  level  upon  t\m  pin,  fo  that  nothing 
refted  but  only  the  touching  of  it  with  the  ftone : 
when   I  had  touched   the  fam.e^   prefently  the 

north 
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north  part  thereof  declined  down  in  fuch  fort, 
that  being  conftrained  to  cut  away  fome  of  that 
part  to  make  it  equal  again,  in  the  end  I  cut  it 
too  fhort,  and  fo  fpoiied  the  needle  wherein  I 
had  taken  fo  much  pains. 

^^  Hereby  beii>g  ftroken  into  fome  cholar,  I 
applied  m.yfelf  to  feek  further  into  this  elfed:, 
and  making  certain  learned  and  expert  men  (my 
friends)  acquainted  In  this  matter,  they  advifed 
me  to  frame  fome  indrument,  to  make  fome 
exadl  trial,  how  much  the  needle  touched  with 
the  ftone  would  decline,  or  what  greateft  angle  it 
would  make  with  the  plane  of  the  horizon." 
Thus  far  Mr.  Norman. 

The  dipping  needle,  reprefented  fig.  112,  was 
conftrucled  by  Dr.  Lorimer,  and  is  defcribed  in 
the  Philofophical  Tranfadlions,  vol.  Ixv.  part  i, 
page  81.  It  appearsto  me  better  calculated  for 
the  fea  fervice  than  any  other  I  have  feen  ;  it  is 
lefs  liable  to  be  affedted  by  the  motion  of  the 
fhip,  than  thofe  which  are  fufpended  by  gimbols 
fixed  to  the  upper  part  of  the  inflrument,  belides 
other  advantages  which  are  derived  from  the 
double  motion  of  the  needle.  The  needle  a  h 
plays  vertically  upon  it's  own  axis,  which  has 
two  conical  points,  which  are  inverted  into  the 
oppofite  fides  of  the  upright  paraliellogram  c  d  -y 
into  this  paraliellogram,  and  at  right  angles  ta 

6  it, 
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ir,  a  (lender  brafs  circle/^-  h  is  fixed  ;  this  cir- 
cle is  filveredand  graduated  to  every  half  degree 
Upon  which  the  needle  fhews  the  dip  :  this,  for 
the  iakeof  diftindtion,  is  called  the  circle  of  the 
magnetic  inclination.  The  brafs  parallellogranii 
and  confequently  the  circle  of  inclination  alfo, 
turns  horizontally  upon  two  other  points,  th(i 
one  above  and  the  other  below,  in  correfponding 
fockets  in  the  parallellogram ;  thefe  points  are 
fixed  in  a  vertical  circle  /  /^  which  is  of  fuch  a 
diameter  as  to  allow  the  circle  of  inclination  and 
parallellogram  to  move  within  it.  This,  fecond 
circle  may  be  called  a  general  m.eridian ;  it  is 
not  graduated,  but  has  a  fmall  brafs  weight  fixed 
to  the  lower  part  of  it,  to  keep  it  upright,  and 
the  circle  itfelf  is  fcrewed  at  right  angles,  into 
another  circle  of  equal  external  diameter,  which 
is  filvered  and  graduated  on  the  upper  fide  to 
every  half  degree.  It  reprefents  the  horizon,  as 
it  fwings  freely  upon  gimbols,  and  is  always 
nearly  parallel  to  it. 

The  ufe  of  this  inftrument  is  very  plain,  as  the 
inclination  or  dip  is  at  any  time  apparent  from 
infpedionj  and  alfo  the  variation,  if  the  frame 
is  turned  round  till  the  great  vertical  lines  meet 
-exadlly  in  the  plane  of  the  true  meridian  :  for  the 
circle  of  inclination  being  always  in  the  needle's 
vertical  plane,  the  edge  of  it  will  evidently  point 

3  F  out 
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out  upon  the  horizon   the  variation  E  or  V7, 
But  at  fea,  when  there  is  not  too  much  motion, 
you  turn  the  frame  round,  till  the  vertical  circle 
is  in  the  plane  of  the  fun's  rays;   that  is,  till  the 
fhadow  of  one  fide  of  it  juft  covers  the  other, 
and  the  edge  of  the  circle  will  then  give  the  mag- 
netic amplitude,  if  the  fun  is  riling  or  fetting, 
but  the  azimuth  at  all  times  of  the  day ;  and  the 
true  amplitude  or  azimuth  being  found  in  the 
ufual  way,  the  difference  is  the  variation.    If  the 
motion  is  confiderable,  obferve  the  extremes  of 
vibration,  and  take  the  mean  for  your  magnetic 
amplitude  or  azimuth.     This  inftrument  has  a 
Conflant  power  in  itfelf,  not  only  of  fetting  itfelf 
in  the  proper  pofuion,   but  alfo  of  keeping  itfelf 
fo ;  or  of  rcfloring  itfelf  to  the  fame  fituation, 
if  at  any  time  it  has  loft  it ;  and  it  is  curious  to 
fee  how,  by  it's  double  motion,  it  counteradls,  as 
it  were,  the  rolling  motion  of  the  velTel.     The 
degrees  fhewn  by  each  end  of  the  needle  fhould 
be  attended  to,  and  the  medium  taken  for  the 
true  dip  or  variation :  alfo  apply  a  good  artificial 
magnet  in  fuch  manner  as  to  turn  the  parallel- 
logramaud  circle  of  inclination  half  way  round 
horizontally,  fo  that  the  end  of  the  axis  of  the 
needle,  which  before  pointed  to  weft,  fhall  now 
point  to  the  eaft  ;  and  obferve  where  the  needle 
ftands,  and  if  it  differs  from  the  preceding  ob- 

fervation. 
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fervation,  take  the  mean,  which  will  be  found 
as  near  the  truth  as  it  is  poffible  for  any  inftru- 
ment  to  give, 

pESCRIPTION     OF       A      TeRELLA      AND      OF     THE 

Magnetism  of  the  Earth. 

If  a  touched  needle  is  placed  near  a  magnet, 
it's  dire6lion  to  the  magnetic  needle  is  fufpen- 
ded,  and  it  a  flumes  a  diredion  reladve  to  it's 
lituation  and  diflance  from  the  poles  of  the 
magnet. 

Experiment  xxvi. — Place  a  fmall  needle  oa 
the  pointed  end  of  the  brafs  ftands,  and  then 
bring  it  near  the  magnet,  and  the  needje  will 
dire6l  itfelf  differently,  according  to  the  diilance 
from  the  poles  of  a  magnet ;  or. 

Move  the  fmall  dipping  needle  over  a  magnet, 
and  by  it's  varied  fituations  it  wdll  illuftrate  the 
foregoing  obfervation ;  or, 

Thefe  relative  fituations  and  tendencies  may 
be  pleafingly  obferved,  by  placing  feveral  touchy 
ed  needles  round  a  magnet  at  the  fame  time. 

Fig.  113,  AB  reprefents  a  magnet,  B  the 
north  pole,  A  the  fouth  ;  ba^  bciy  ba,  &c.  feveral 
fmall  magnetic  needles  placed  round  the  fouth 
pole  of  the  magnet ;  ab,  ab^  ab^^   fimilar  needles 
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placed  round  the  north  end  ;  a  the  north  pole  of 
thefe  needles,  b  the  fouth  pole,  c  the  center  on 
v/hich  they  turn.  From  this  experiment  may  be 
derived  others,  accurately  inveftigating  the 
nature  of  the  magnetic  curves. 

Now,  if  the  earth  is  a  great  nriagnet,  or  if  a 
large  magnet  is  placed  within  it,  we  fee  from 
the  foregoing  experiment,  that  magnetic  needles 
placed  on  it's  furface  would  have  different  direc- 
tions in  different  places,  which  is  conformable 
to  experience;  and  the  apparent  irregularities 
in  the  variation  of  the  needle  mufl:  be  occafioned 
by  the   fituadon  of  the  magnetic  poles  of  the 

jearth. 

If  the  magnetic  poles  agreed  with  thofe  of  the 
earth,  there  would  be  no  variation,  and  the  mag- 
netic needle  would  point  to  the  true  north  and 
fouth.  If  the  axis  of  the  magnetic  poles  palTe^ 
through  the  center  of  the  earth,  it  would  be  eafy 
to  aiTign  the  quantity  of  the  variation  at  every 
place ;  but  as  this  is  not  the  cafe,  to  account 
regularly  for  the  variation,  it  would  be  necelTary 
to  know  the  exaO:  fituation  of  the  magnetic  poles 
of  the  earth,  their  number,  force,  and  diftance 
from  the  real  poles,  whether  they  fliift  their 
place,  and  if  they  move,  the  quantity  of  motion 
^very  year. 

Pr.  Hailer  fuppofed  the  earth  to  be  an  hollow 

fphere, 
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fphere,  with  an  internal  nucleus  in  the  cavity;  he 
looked  upon  each  part  (the  external  and  inter- 
nal) to  be  a  feparate  magnet  endowed  with  two 
poles,  and  whofe  magnetical  axes  were  not  coin^ 
cident.  A  compafs  needle  on  the  furface  of  the 
globe  would  be  adled  upon  in  the  fame  manner 
as  it  would  be  by  a  magnet  with  four  poles,  an4 
thus  explains  the  variation.  JBut  as  the  variation 
changes  in  procefs  of  time,  he  fuppofed  that  the 
poles  do  not  keep  the  fame  polition  with  refpe6t 
to  the  furface  of  the  earth  and  one  another,  and 
accounted  for  this  motion,  by  fuppofmg  that  the 
diurnal  motion  of  the  earth  was  imprelTed  from 
without,  and  that  the  velocity  of  the  internal 
part  was  lefs  than  the  external.  Therefore  the 
nucleus  would  feem  to  turn  flowly  towards  the 
weft,  and  it's  poles  defcribe  fmaller  circles  round 
the  poles  of  the  earth.  And  as  the  relative  poli- 
%ion  of  the  four  magnetical  poles  to  each  other, 
and  to  the  poles  of  the  earth,  is  changed,  fo  mult 
the  dire6lion  of  the  needle  be  varied. 

Mr.  Euler,  who  has  coniidered  the  fubjedt  in 
every  point  of  view,  and  treated  it  with  greater 
perfpicuity  than  any  other  writer,  fees  no  reafori 
for  adopting  fo  laborious  and  complicated  an 
hypothefis.  He  thinks  that  every  thing  may  be 
accounted  for  by  two  magnetic  poles  which  are 
^ot  direQly  oppofite  to  each  other,  or  whofe 

magnetic 
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magnetic  axis  does  not  pafs  through  the  axis 
of  the  earth,  whereby  he  avoids  many  difficul- 
ties with  which  the  other  theory  is  incumbered. 

In  order  to  inveftigate  the  phaenomena  of  the 
variation  and  the  dip  of  the  needle,  Gilbert,  who 
fuppofed  the  earth  to  be  a  magnet,  ground  a 
loadftone  into  a  round  figure,  like  a  globe,  which 
he  called  a  terella  or  little  earth,  as  it  exhibited 
in  fome  degree  the  fame  phsenomena  which  take 
place  on  the  different  parts  of  the  furface  of  the 
earth.  But  little  progrefs,  however,  was  made 
with  this  inftrument,  as  it  did  not  fufficiently 
correfpond  with  the  nature  of  the  earth's  mag-^ 
netifm.  It  has  fince  received  feveral  improve- 
ments from  Mr.  Magellan,  but  Hill  remained 
very  defective.  The  following  improvement 
by  Dr.  Lorimer  will,  I  hope,  prove  of  elTential 
fervice,  in  difcovering  the  laws  by  which  the 
myfterious  properties  of  the  magnet  are  direcSled. 

This  terella  coniifts  of  a  twelve  inch  terreftrial 
globe,  fo  contrived  that  the  two  hemifpheres 
may  be  feparated  or  united  at  pleafure.  Two 
Urong  artificial  magnets  are  placed  within  the 
globe,  in  correfponding  fockets  at  the  center  of 
each  hemifphere,  but  fo  fitted,  that  while  they 
a6t  as  one  magnet,  their  extremities  or  ends  may 
be  placed  in  various  pofitions,  and  moveable  to 
any  latitude  within  30  degrees  of  the  pole,  and 

are 
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are  likewife  moveable  round  the  axis  to  any  de- 
gree of  latitude  at  pleafure, 

Mr.  Savery  has  adduced  feveral  inftances  to 
Ihew  the  force  and  adion  of  the  earth's  mag- 
netifm ;  among  others,  that  it  will  fupport  fmall 
pieces  of  iron.  He  hung  up  a  bar  of  iron,  about 
five  feet  long,  by  a  loop  of  fmall  cord,  at  the 
upper  end,  and  then  carefully  wiped  the  lower 
end,  and  the  point  of  a  nail,  that  there  might 
be  no  duft  or  moifture  to  prevent  a  good  con- 
tad  ;  then  holding  the  nail  under  the  bar,  with 
it*s  point  upward,  he  kept  it  ciofe  to  the  bar, 
holding  only  one  finger  under  it's  head  for  the 
fpace  of  thirty  or  more  feconds,  then  withdraw- 
ing his  finger  gently  downwards  that  the  nail 
might  not  vibrate ;  if  it  fell  off,  he  wiped  the 
point  as  before;  and  tried  fome  other  part  of 
the  plane  at  the  bottom  of  the  bar.  If  the  ends 
are  fimilar,  and  the  bar  has  no  permanent  vir- 
tue, it  is  indifferent  which  end  is  downwards ; 
if  it  has  an  imperfe61:  degree  of  polarity,  one  end 
will  anfwer  better  than  the  other. 

*  Experiment  xxvii. — The  upper  end  A  of  a 
long  iron  rod,  which  has  no  fixed  polarity,  will 
attrad  the  north  endof  a  magnetic  needle ;  the 
under  endB  repels  the  north  end  of  the  needle; 
invert  the  iron  bar^  and  the  end  B^  v/hich  h 
4  now 
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now  the  ilpper  one,  will  attradl  the  north  poJd 
of  the  needle  that  it  repelled  before  ;  the  cafe  is 
the  fame,  if  the  bar  is  placed  horizontally  in  the 
magnetic  meridian,  the  end  towards  the  fouth 
Will  be  a  north  pole* 

Iron  bars  of  windows,  which  have  Remained 
long  in  a  vertical  pofition,  acquire  a  fixed  po- 
larity. Mr.  Lewenhoek  mentions  an  iron  crofs^ 
which  had  acquired  a  very  ftrong  polarity. 
Mr.  Canton  propofed  to  make  artificial  magnets 
without  the  afFiftance  of  natural  ones;  but  in 
this,  he  was  mifiaken,  for  his  poker  and  tongs 
were  natural  magnets,  and  had  their  verticity 
fixed  by  being  heated  and  cooled  in  a  vertical 
pofition  ;  and  an  iron  or  fteel  bar,  though  with- 
out a  verticity,  while  it  remains  in  that  pofition, 
exerts  a  polarity,  and  is  able  to  communicate  a 
iixed  verticity  to  the  fmall  bar,  and  is  therefore 
for  the  time  a  natural  magnet.  And  further, 
every  iron  bar,  from  the  large  ft  fize  to  a  Hx-^ 
penny  nail,  will  exert  this  power  when  treated  as 
above  mentioned.  But  how  this  power  is  raifed 
fo  foon  to  a  degree  greatly  exceeding  that  which 
communicated  it,  we  do  not  know ;  nor  is  it  more 
cafy  to  account  for  the  facility  with  which  the 
magnetic  power  is  withdrawn  by  a  fridion  con* 
trary  to  that  which  gave  it. 

The 
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The  Magnetic  Matter  moves  in  a  Stream 

FROM    ONE  Pole  TO  THE  OTHER,    INTERNALLY^ 

and  is  then  carried  back  in  curved 
Lines,  externally,  til'l  it  arrives  again 
AT  the  Pole,  where  it   first  entered,  to 

be  AGAIN  ADMITTED. 

Experiment  xxviii.— Pat  one  of  the  glafs 
panes  over  a  niagnetical  bar,  fife  fteel  filings  on 
the  glafs,  then  ftrike  the  glafs  gently,  and  the 
filings  will  difpofe  themfelves  in  fuch  a  manner 
as  to  reprefent,  with  great  exaclnefs,  the  courfe 
of  the  magnetic  matter.  The  curves  by  which 
it  returns  back  to  the  pole,  where  it  firfl  en* 
tered,  are  alfo  accurately  expreifed  by  the  ar- 
rangement of  the  filings.  The  largeft  curves 
rife  from  one  polar  furface,  and  extend  to  the 
other;  they  are  larger  in  proportion  as  they  rife 
nearer  the  axis  or  center  of  the  polar  furface; 
the  curves,  which  arife  from  the  fides  of  a  mag- 
neticaUjody,  are  interior  to  thofe  which  arife  from 
the  polar  furfaces,  and  are  fmaller  and  fmaller  in 
proportion  to  their  diftance  from  the  ends.  That 
the  magnetic  matter  does  move  back,  in  a  direc- 
tion contrary  to  that  with  v;hich  it  palTes  through 
the  magnetical  body,  is  confirmed  by  it's  adlion 
on  a  fmali  compafs  needle,  when  prefented  to 
it   at  different  places.     See  fig.  103. 

3  C^  The 
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The  greater  the  diilance  is  between  the  poles 
of  a  magnet,  the  larger  are  the  curves  which 
strife  from  the  polar  furface. 

The  immediate  Cause  why  two  or  more 
Magnetical  Bodies  attract  each  other, 
IS  the  Passage  of  one  and  the  same  Mag- 
netical Stream  through  them. 

Experiment  xxix.  — ^  Let  two  magnets  be 
placed  at  fome  didance  from  each  other,  the 
fouth  pole  of  one  oppofed  to  the  north  pole  of 
the  other,  lay  a  pane  of  glafs  over  them,  and 
fprinkle  it  with  (leel  filings,  then  (Irike  the  pane 
gently  with  a  key,  and  the  filings  will  arrange 
themfelvGs  in  the  diredlion  of  the  magnetic  vir- 
tue. The  fiUngs  which  lay  between  the  two  po- 
lar furfaces,  and  near  the  common  axis,  are  dif- 
pofed  in  ftrait  lines  going  from  the  north  pole 
of  one,  to  the  fouth  pole  of  the  other  :  the  pores 
being  now  in  the  fame  dire  6lion,  fo  that  the  fluid 
which  paffes  through  A  B,  fig.  104,  finds  the 
pores  at  the  pole  a  open  to  receive  them,  it  will 
therefore  pafs  through  this,  and  coming  out  at 
J?  will  turn  towards  A,  to  continue  it's  ftream. 
through  the  magnet,  and  thus  form  one  atmo» 
fphere  or  vorte.,  which  prelTed,  on  all  fides,  by 
theelailic  forceof  the  other,  carries  the  magnets 

towards 
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towards  each  other.  At  different  diilances  from 
the  axis  the  filings  defcribe  regular  curve  lines, 
which  run  from  one  pole  to  the  other,  and  di- 
verge from  each  other  in  moving  from  the  fouth 
pole,  till  they  come  half  way  ;  they  then  con- 
verge more  and  more,  till  they  arrive  at  the 
north  pole.  If  the  oppofed  poles  are  diftant 
from  each  other,  fome  arches  will  pafs  from  one 
pole  to  the  other  of  the  fame  magnet;  fewer 
will  be  formed  in  this  manner  if  they  are  brought 
nearer  together,  and  more  will  proceed  from  one 
magnet  to  the  other ;  the  ftream  of  the  mag- 
netic matter  will  feera  more  concentrated  and 
abundant. 

Experiment  xxx. — While  the  magnets  re- 
main in  the  foregoing  pofition,  place  a  fmall 
untouched  bar  or  needle  in  the  ftream  of  the 
magnetic  virtue;  this  will  pafs  through  it,  and 
give  it  a  polarity  in  the  direction  of  the  ftream. 

Experiment  xxxi. — On  the  fame  principle, 
a  large  key,  or  other  untouched  piece  of  iron, 
will  attract  and  fupport  a  fmall  piece  of  iron, 
while  it  is  within  the  fphere  of  action  of  the  pole 
of  a  magnet,  but  will  let  them  fall  when  it  is  out 
of  the  magnetic  ftream. 

3  G  2  Experiment 
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Experiment  xxxii.— A  ball  of  foft  iron,  in 
contaci:  with  a  magnet,  will  attracft  a  fecond  ballj 
and  that  a  third,  till  the  ilream  becomes  too 
weak  to  fupport  a  greater  weight. 

Experiment  xxxiii. — Place  two  magnets 
parallel  to  the  horizon  with  two  poles  of  the  fame 
name  oppofed  to  each  other,  and  their  diftance 
in  proportion  to  the  ilrength  of  the  magnets  ;  fuf- 
pend  a  needle  nicely  ballanced  on  a  thread  be 
tween  them,  and  either  pole  will  attracft  the 
needle  notwithftanding  their  mutual  repuifion. 

Experiment  xxxiv. — Put  into  motion  one 
of  the  fmall  whirligigs  with  an  iron  axis,  and  then 
take  it  up  by  a  magnet ;  it  will  prefervc  it's 
rotatory  motion  much  longer  than  if  it  were  left 
to  whirl  on  the  table  ;  a  fecond  and  a  third  whir- 
ligig may  be  fufpended  one  under  another,  ad- 
cording  to  the  ftrength  of  the  magnet,  and  yet 
continue  in  motion. 

Experiment  xxxv. — Place  a  magnet  upon 
each  of  the  brafs  ftands,  with  their  poles  of 
contrary  names  oppofed  to  each  other,  and  a 
pleafmg  chain  of  iron  balls  may  be  fufpended 
between  them.  Prefent  either  pole  of  another 
magnet  towards  them,  and  they  will  fall  down. 

Experiment 
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Experiment  xxxvi. — Place  two  bars  in  a 
line  with  the  north  end  of  one  to  the  fouth  end  of 
the  other,  and  about  one  third  the  length  of  the 
bar  diftance  from  each  other,  to  which  diftancc 
the  power  feems  to  be  feparated  in  moft  bars ; 
place  the  glafs  panes  on  thefe  bars,  and  then  fift 
the  filings  over  them,  and  they  will  range  them- 
felves  between  the  bars,  in  the  fame  manner 
they  are  ranged  about  the  m^iddle  of  each 
bar ;  fhewing  that  when  the  powers  are  fepa- 
rated to  this  diftance,  they  acl  much  in  the 
fame  manner  as  when  they  are  feparated  in  the 
fame  bar. 


Magnetic    Repulsion     arises     from     the 
Accumulation  of  the    Magnetic  Fluid 
AND  THE  Resistance  formed   to  it's  En- 
trance IN  THE  Magnet. 

ExperIxMent  XXXVII. — If  the  two  poles  of  the 
famenameof  two  magnets  are  "brought  near  to 
each  other,  and  placed  under  a  pane  of  glafs,  on 
which  iron  filings  have  been  ftrev/ed,  the'  filings 
will  be  difpofed  into  curves,  which  feem  to  turn 
back  from  each  other  towards  the  oppofite  pole. 
The  fluid,  which  proceeds  from  B,  fig.  103, 
meeting  with  rcnftance  from  the  pores  at  D,  is 

forced 
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forced  to  turn  back,  and  circulate  round  it's  cmn 
Kiagnet,  and  thus  form  two  atmofpheres,  which 
adtagainll  each  other,  in  proportion  to  the  force 
and  quantity  of  the  fiream  which  palTes  through 
the  magnets. 

Experiment  xxxviii. — Take  a  fteel  needie, 
with  a  very  fine  point,  and  rub  it  from  the  eye  to 
the  point  five  or  fix  times  with  the  north  pole  of 
a  magnetic  bar;  the  eye  will  be  the  north,  and 
the  point  the  fouth  pole  of  the  needle. 

The  attraduion  and  repulfion  of  magnets  is 
not  hindered  or  increafed  by  the  interpoiition  of 
any  body  whatever. 

Experiment  xxxix. — Dip  one  point  of  the 
needle  in  ileel  filings,  and  it  will  take  up  a  con- 
i|jderable  quantity.  Take  the  magnetic  bar  in 
one  hand,  and  the  needle  with  the  filings  in  the 
other,  hold  them  parallel  to  the  horizon,  with 
the  point  of  the  needle  near  the  fouth  pole  of  the 
magnet,  and  the  fleel  filings  will  fall  from  the 
point  of  the  needle ;  as  foon  as  the  filings  drop 
off* from  the  point,  withdraw  it  from  the  fphere 
of  action  of  the  magnet,  and  the  point  will  be  fo 
far  deprived  of  it's  attradlive  quality,  that  it  will 
not  again  attradl  the  fteel  filings.  If  the  needle 
is  not  taken  away,  but  continues  for  a  few  minutes 
6  '  about 
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about  half  an  inch  from  the  bar,  the  polarity  of 
the  needle  will  be  changed.* 

Experiment  XL.-^PIace  two  magnets  clofe 
ta  each  other,  with  the  north  and  fouth  poles 
conjoined  together,  in  thislituation  the  magnetic 
power  is  fo  far  counteradled  or  condenfed,  as  to 
have  very  little  effeQ  on  iron,  hardly  fuftaining 
the  fmaUeft  piece  ;  feparate  the  magnets  half  an. 
inch,  and  they  will  fupport  a  piece  of  iron  ;  clofc 
them,  and  they  v/ill  kt  it  drop. 

Experiment  xli.— Sufpend  two  fewing  needles 
from  the  pole  of  a  magnet,  and  the  needles  will 
diverge  ;  the  repulfion  will  be  augmented  by  the 
addition  of  another  magnet ;  it  is  alfo  increafed 
by  applying  a  bar  of  iron  to  the  oppofite  pole  of 
the  magnet,  and  diminifhed  by  applying  it  to  the 
fame. 

Experiment  xlii. — Bring  a  bar  of  iron 
towards  the  extremity  of  the  needles,  and  their 
repuliion  will  be  augmented. 

Experiment  xliii. — Sufpend  by  a  thread 
the  light  cylindrical  bar  G  D,  fig.  114,  which 
has  a  round  head  at  each  end,  and  place  it  at  a 

little 
*  Farther  Proofs,  &c.  by  Mr  Lyon,  p.  60. 
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little  diiiance  from  the  magnet  M,  then  bring 
an  iron  wire  EE,  near  the  lower  head  D,  and 
the  cylinder  will  be  repelled,  but  will  be  attratfl:-. 
ed  by  the  fame  wire  if  it  is  brought  near  the 
upper  head. 

Experiment  xliv. — Hang  a  number  of 
balls  to  each  other,  by  applying  the  firft  to  the 
north  pole  of  a  magnet,  prefent  the  fouth  pole  of 
another  magnet  to  one  of  the  middle  balls,  and 
all  thofe  below  it  w'ill  thereby  be  deprived  of  the 
magnetic  ilream,  and  fall  afunder ;  the  ball  to 
which  th(^  magnet  was  applied  will  be  attracted  by- 
it,  and  all  the  others  will  rem.ain  fufpended.  If 
the  north  end  of  the  m.agnet  be  prefented,  then 
the  ball,  to  which  it  is  applied,  will  alfo  drop. 

A  fmgular  faQ  is  related  by  fome  ancient 
writers  on  m^netifm  :  That  if  two  loadftones, 
a  ftronger  and  a  weaker,  have  their  repellent 
poles  brought  together,  the  weaker  will  have  it's 
power  confufed,  and  will  not  come  to  itfelf  for 
fome.dciys  ;  the  polarity  of  the  part,  in  contad:, 
becomes  inverted  by  the  ftronger  power  ;  but  as 
that  power  reaches  but  a  little  way  beyond  the 
polar  farface,  the  unaltered  power,  in  the  remain- 
ing part  of  the  fione,  is  able,  by  it's  contrary 
force,  to  reilore  the  confufed  part  of  the  Hone  in 
a  few  days. 

It 
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It  does  not  appear  that  there  is  any  certain 
law  of  attradlion  peculiar  to  magnetifm  ;  for  in 
different  pairs  of  magnets,  the  force  will  vary 
at  different  diftances.  The  magnetic  attraclioit 
is  not  to  be  computed  from  the  center  of  the 
magnets,  but  from  the  center  of  the  pole.* 

Though  many  experiments  have  been  made  to 
difcover,  whether  the  force  by  which  two 
magnets  are  repelled  or  attradled,  adls  only  to  a 
certain  diftance;  whether  the  degrees  of  it*s 
adlion  within,  and  at  this  diftance,  is  uniform  or 
variable,  and  in  what  proportion,  to  the  diftanccs 
it  increafes  or  diminifhes  ;  yet  we  can  only  infer 
from  them,  that  the  magnetic  power  extends 
further  at  fome  times,  than  it  does  at  others, 
and  that  the  fphere  of  it's  adion  is  variable. 

The  fmaller  the  loadftone  or  the  magnet  is, 
the  greater  is  it's  force,  c ceteris  paribus ^  in 
proportion  to  it's  lize.  When  the  axis  of  a 
magnet  is  fhort,  and  of  courfe  it's  poles  very 
near,  their  adlion  on  each  other  weakens  the 
magnetic  force.  A  variety  of  other  caufes  will 
alfo  occafion  great  irregularity  in  the  attraftion 
of  magnetifm.  If  one  end  of  a  magnet  is  dipped 
in  fteel  filings,  we  fliall  find  that  they  are  very 

3  H  feldom 

*  The  magnetic  effefls  of  the  contrary  pole  muft  be  alfo 
confidered  in  eftimating  theforces  of  magnetic  attraction  and 
repulfiohr 
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feldom  didributed  with  uniformity,  but  difpo&d 
in  little  tufts,  fome  places  more  thick  than  others* 
The  force  of  magnetic  attradion  between  the 
fame  magnets,  and  at  the  fame  diftance,  may 
be  varied  by  turning  the  magnets  on  their  axis, 
and  making  different  parts  of  the  polar  furfaces 
regard  each  other.  If  a  Ilrong  magnet  be  applied 
to  a  weaker,  a  kind  of  repulfion  feems  to  take 
place  even  between  two  poles  of  the  fame  name, 
but  it's  force  is  overpowered  by  the  attraftion  of 
the  Wronger. 

Experiment  xlv. — ^If  a  touched  needle  is 
placed  near  a  magnet,  it's  diredlion  to  the  mag- 
netic meridian  is  fufpendcd,  and  it  affumes  a 
diredlion  relative  to  it's  fituation  and  diftancc 
from  the  poles  of  the  magnel.    Place  a  fmall 
needle  on  the  pointed  end   of  one  of  the  brafs 
Hands,  and  then  bring  it  near  the  magnet,  the 
needle  will  diredl  itfelf  differently,  according  to 
it's  diftance  from  the  poles  of  the  magnet.    Thefc 
relative    fituations    and    tendencies    arc    more 
pleafingly  obferved  by  placing  feveral  touched 
needles  round  the  bar  at  the  fame  time.     The 
motion  of  the  fmall    dipping    needle   further 
illuflrates  this  propofition.     From  the  three  lafl 
experiments  various  others  of  conliderable  im- 
portance may  be  derived  for  accurately  invefti- 

6  gating 
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gating  the  curves,  according  to  which  the 
magnets  ad:,  and  illuftrating  further  fome  of  the 
intricate  branches  of  magnetifm. 

The  northern  magnetifm  is  defbroyed  by  the 
communication  of  the  fouthern,  diHd  vice  verfa. 
Hence  it  is  clear,  that  the  two  magnetic  powers 
counteract  each  other,  and  that  if  both  be 
communicated  to  the  fame  arm  of  a  magnet,  the 
magnetifm  acquired  by  the  arm  will  be  that  of 
the  llrongeft,  and  as  the  difference  between  the 
two  powers. 

Two  ftrait  magnets  will  not  be  weakened,  if 
they  are  laid  parallel  to  one  another,  with  poles 
of  the  oppolite  denomination  correfponding  to 
each  other,  the  ends  being  connected  together 
by  pieces  of  iron,  which  will  keep  up  and  facili- 
tate the  circulation  of  the  magnetic  fluid  through 
them  ;  but  thev  fliould  never  be  fufFered  to  touch 
each  other,  except  when  they  lie  in  the  fame 
dire6lion,  and  with  poles  of  contrary  names. 

A  lingle  (trait  magnet  fhould  be  always  kept 
with  it's  fouth  pole  towards  the  north,  or  down- 
wards, in  the  northern  magnetic  hemifphere, 
and  vice  verfa  in  the  fouthern  hemifphere.  Iron 
fhould  never  be  lifted  but  by  the  fouth  pole  of 
a  ftrait  magnet  in  this  hemifphere  of  the  world. 

Every  kind  of  violent  percuflion  weakens 
the  power  of  a  magnet ;  a  ftrong  magnet  has  been 

3  H  2  entirely 
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entirely  deprived  of  it's  virtue  by  receiving  feveral. 
fmart  flrokes  of  a  hammer ;  indeed,  whatever 
deranges,  or  difturbs  the  internal  pores  of  a 
magnet,  will  injure  it's  magnetic  force,  as  the 
bending  of  touched  iron,  wires,  6cc. 

Experiment  xlvi. — Fill  a  fmall  dry  glafs 
tube  with  iron  filings,  prefs  them  in  rather  clofe, 
and  then  touch  the  tube  as  if  it  was  a  fteel  bar, 
and  the  tube  will  attra6l  a  light  needle,  &c. 
fliake  the  tube  fo  that  the  lituation  of  the  filings 
may  be  difturbed,  and  the  magnedc  virtue  will 
vanifli. 

Experiment  xlvii. — But  though  a  violent 
percullion  will  deftroy  a  fixed  magnetifm,  yet 
it  will  give  polarity  to  an  iron  bar  which  had 
none  before  ;  for  a  few  fmart  ftrokes  of  an  ham- 
mer, on  an  irori-  bar,  will  give  it  a  polarity,  and 
by  hitting  fir,ft  one  end  of  the  bar,  and  then  the 
other,  while  it  is  held  in  a  vertical  fituation, 
the  poles  may  be  changed.  Twill  a  long  piece  of 
iron  wire  backwards  and  forwards  feveral  times, 
then  break  it  off  at  the  twilled  part,  and  the 
broken  end  will  be  magnetical. 

Experiment  xlviii,— If  a  magnet  be  cut 
through  the  axis,  the  fegments,    which  were 

joined 
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joined  befprfe,   will  avoid  and   fly   from   each 
other. 

Experiment  xlix. — ^If  a  magnet  is  divided 
by  a  fedion  perpendicular  to  the  axis,  the  parts 
which  were  joined  before  will  have  acquired 
contrary  poles,  one  north,  the  other  fouth,  thus 
generating  a  new  magnet  at  every  fedion. 

From  thefe,  and  iimilar    experiments,    Mn 
Heles  infers,   that  magnetifm    confifts   of  two 
different  diflind:  powers,  which  in  their  natural 
ftate  are  conjoined,  and  exert  but  little  fenlible 
a6lion,    and   ftrongly    atcra8:  each  other  at  all 
times ;  but  when  they   are  feparated  by   force, 
they  a(fi:  like  thofe  of  eledricity  5  for  if  mag- 
netifm is  excited  in  two  different  pieces  of  fteel 
by  the  fouth  pole  of  a  magnet,  the  ends  repel 
^ach  other ;  but  if  one  piece  be  excited  by  the 
north  pole,  and  another  by  the  fouth,  they  will 
attrad:  each  other.     He  further  fuppofes,  that  a 
magnet  attradls,  and  is  attrafled,  not  entirely 
according  to  it's  own  ftrengia,  but  according  to 
the  quantity  of  iron  to  be  attradedy  and  that 
jnagnetifm  is  a  quality  inherent  in  all  iron,  and 
of  which  it  cannot  be  diveited  ;  for  fire,  which 
will  deftroy  a  fixed  magnetifm,  does  not  deprive 
Jt  of  it's  natural  quantity ;    on  the  contrary,  it 
will  give  it  a  polarity,  or  fixed  magnetifm,  ac-. 

cording 
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cording  to  the  manner  of  heating  or  cooling  of 
the  iron. 

The  powers  of  magnetifm,  like  thofe  of  elec- 
tficity,  are  excited  and  feparated  by  friftion. 
This  eiFed  is  wonderful  in  both,  but  more  fo  in 
magnetifm,  where  two  powers,  naturally  attrad;- 
ing  each  other,  remain  feparated  in  the  fame 
fleel  bar  for  many  years,  and  yet  they  may  be 
reduced  to  their  natural  ftate  by  the  fridion  of 
two  other  magnets,  adling  in  a  contrary  order  to 
that  by  which  the  poles  were  originally  fepa- 
rated. 

Magnetifm  and  cledlricity  acft  flrongeft  at 
corners,  edges,  and  points. 

Magnetifm  may  be  communicated  to  ^  fmal{ 
flecl  needle,  by  pafiing  the  difcharge  of  a  larg<3 
battery  through  it. 

The  difcharge  of  a  battery  through  a  fmaH 
magnetic  needle  will  fometimes  deftroy  the  mag- 
netifm, and  at  other  times  invert  the  poles  of  the 
magnet,  which  has  alfo  been  frequently  effeded 
by  lightning.* 

Experiment  l. — Place  a  magnet  M,  fig, 
iiS>  at  a  given  diftance  from  the  needle  A  B, 
fig.  1 1 5,  that  it  makes  the  needle  deviate  from 
the  meridian  N  C  to  C  B,  forming  an  angle  N 

CB 

*  See  Effay  on  EleaHcity,  p.  150, 
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C  B  of  40  degrees.  Now  apply  a  bar  of  iron  I 
tp  the  magnet  M,  fo  that  it  may  be  perpendicular 
to  it,  but  only  covering  half  the  breadth  of  the 
magnet,  and  the  needle  will  go  back  to  30 
degrees. 

Experiment  li. — Place  on  the  other  iide  a 
bar  Y,  exadly  fimilar  to  the  bar  I,  and  lituated 
in  the  fame  manner ;  the  needle  will  be  very  little 
afFeded,  nay,  by  altering  a  little  the  fituation  of 
the  bar,  the  needle  will  not  be  at  all  affeded  by 
it. 

Remove  the  bar  Y  from  the  magnet  by  a 
parallel  motion,  and  the  needle  will  approach 
Hill  nearer  the  meridian,  or,  in  other  words,  the 
a<flion  of  the  magnet  will  be  weaker. 

Experiment  lii — Place  a   magnet    M,  fig« 
116,  at  fome  diftance  from  the  needle  A  B,  and 
parallel    to  the  magnetic  meridian  N  S,  the 
needle  will  deviate  from    it*s    fituation;    now 
approach  flowly  towards  the  needle  with  a  bar 
of  iron,  moving  it  in  the  equator  of  the  needle^, 
and  the  attradion  of  the  needle  to  the  rqagnct 
will  be  diminifhed,  till  a  fmall  part  of  ^  of  the 
iron  bar  gets  beyond  the  magnet ;  when  it's  adlion 
will  be  confiderably  increafed,  and  the  needle 
xnore  ftrongly  attradled. 

Experiment 


448  An   Essay    on 

Experiment  liii. — -Place  a  magnet  fa  that  it 
may  attrad  a  needle  by  it's  fouthpole,  place  one 
end  of  a  bar  of  iron  on  the  north  pole  of  the  mag-* 
net,  and  it  will  immediately  attrad:  the  needle 
with  more  force. 

Experiment  liv. — Place  a  flrong  magnet  at 
Ibme  diflance  from  a  magnetic  needle,  fo  that 
it  may  either  not  adt  on  the  needle  or  elfe  make 
it  deviate  only  a  certain  quantity  from  the  meri- 
dian ;  apply  a  bar  of  iron  to  the  magnet,  placing 
the  bar  between  it  and  the  needle,  and  the  needle 
is  immediately  agitated. 

Experiment  lv. — Let  the  magnet  be  placed 
fo  near  to  the  needle  as  to  produce  a  fenlible 
effect  on  it,  then  place  the  bar  of  iron  on  the 
pole  of  the  magnet,  defcribe  a  circle  with  the 
bar  of  iron,  and  the  adlion  of  the  magnet  ap- 
pears to  be  weakened,  and  the  needle  returns  to 
the  fituation  it  had  before  the  magnet  was  placed 
Rear  it. 

Experiment  lvi. — Place  a  bar  of  iron  be- 
tween a  magnet  and  the  needle,  fo  that  it  may 
be  perpendicular  to  the  magnet ;  and  the  tiecdle 
endeavours  to  recover  it's  true  fituation,  and 

evea 
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even  returns  to  it,  if  the  bar  be  thick  enough, 
or  if  two  or  three  more  are  interpofcd.* 


*  Van  Swinden^  Memoirs  far  I'Elcftricite  ct  le  M^« 
netifme* 
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MAGNETICAL  RECREATIONS. 


Box  OF  Metals. 

THIS  box  contains  five  metallic  tablets,  of 
the  fame  fhape  and  fize,  that  they  may  be 
place4  indifcrinainately  into  iimilar  holes  made 
in  the  bottom  of  a  box.  One  of  the  tablets  is 
gilt  to  reprefent  gold,  the  fecond  is  iilvered  to 
reprefent  lilver,  the  third  is  of  copper,  the  fourth 
of- tin,  and  the  fifth  of  lead*  A  fmall  magnetic 
bar  is  inclofed  in  each  of  thefe  pieces  of  metal, 
but  is  placed  in  a  different  fituation  in  each  piece. 
Another  part  of  the  apparatus  is  a  fmall  mag- 
netic perfpe6tive,  furnifhed  at  bottom  with  a 
magnetic  needle,  Iimilar  to  thofe  in  fmall  com- 
pafles ;  a  piece  of  paper  is  palled  at  the  bottom 
of  the  perfpedtive  on  the  infide,  on  which  arc 
marked  the  initials  of  the  different  metals  ;  thefe 
initials  are  fo  placed  as  to  correfpond  with  the 
magnets  which  are  inclofed  in  the  metals.  If 
this  pcrfpeQive  be  placed  over  any  of  the  tablets, 
fo  that  the  north  and  fouth  line  is  perpendicular 
to  the  fmnt  of  the  box,  the  needle  will  point  to 
the  initial  letter  of  the  metal  over  which  it  is 
^  placed, 
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placed.  Prefent  the  box  to  any  one  to  difpofe  of 
the  tablets  as  he  pleafes,  then  to  fhut  the  box, 
and  to  return  it  you ;  when  by  means  of  the  per- 
fpe6live  you  will  be  enabled  to  tell  him  how  he 
has  placed  them. 

Communicative  Mirrpr. 

This  apparatus  confifts  of  the  perfpedlive  and 
ftand  reprefented  NOLMK,  fig.  118,  four 
tablets  as  R,  and  a  fmall  box  AB  with  a  drawer 
to  hold  one  of  the  tablets. 

A  fmall  circular  card  with  a  touched  needle, 
and  on  which  are  placed  four  pid:ures  at  right 
angles  to  each   other,  plays  on  a  pivot  in  the 
foot  M  K  of  the  perrpe6live.     Over  part  of  this 
card  is  a  hole,  the  center  of  which  coincides 
with  the  center  of  the  tube   L  N.     An  inclined 
mirror  is  fixed  in  the  perfpedive  N  O,  fo  as  to 
be    diredlly    over  the    above-mentioned    hole. 
There  are  alfo  four  tablets,  on  each  of  which  a 
fmall  pi£ture  is   pafted  fimilar  to  thofe  on  the 
card,  and  a  magnetic  bar  inclofed  in  each.    If 
one  ofthefe  is  placed  in  the  drawer  of  the  box 
A  B,  and  the  perfpedive  over  that,  as  in  fig.  118, 
and  the  fore  part  is  then  preffed  down  to  difen- 
gage  a  fpring  which  is  within  the  foot,  then  will 
the  card  place  itfelf  fo  as  to  correfpond  with  the 

3  I  3  tabled 
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tablet  in  the  drawer,  and  a  limilar  figure  will  be 
feen  by  looking  in  at  the  eye  end  of  the  perfpec- 
tive.  Confequently,  if  you  prefent  the  four  tablets 
to  any  perfon,  deiiring  him  to  place  any  one  of 
them  in  the  drawer  and  conceal  the-  others,  thea 
Ihut  the  drawer  and  return  it;  now  place  the 
perfpe6live  in  a  box,  and  preffing  the  part  T  as 
above-mentioned,  and  you  may  ihew  him  thq 
figure  on  the  tablet  he  placed  in  the  drawer,  ia 
the  eye  end  of  the  perfpeclive. 

Thefe,  and  many  other  recreations  of  this  kind 
will  be  found  in  *'  Hooper's  Rational  Recre- 
ations," the  greater  part  of  which  I  have  executed 
with  improvements. 

Of  the  Action  of  the  Magnetic  Atmosphere. 

The  pole  of  a  magnet  produces,  on  the  part  of 
a  bar  to  which  it  is  applied,  the  pole  of  a  con- 
trary name  :  therefore,  if  two  bars  fully  touched 
have  the  poles  of  the  fame  name  joined  together, 
they  tend  to  produce  on  each  other  a  force  of  a 
contrary  name  to  that  with  which  they  are  en- 
dowed ;  and  this  efFecl  wall  diminifh  the  polar 
force  of  each  bar;  confequently  the  magnetic 
force  of  each  longitudinal  element  of  an  artificial 
magnet  diminifhes  as  it*s  bulk  is  increafed,  and 
the  total  force  of  two  magnets  fully  touched,  anc| 
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of  the  fame  length  but  unequal  in  bulk,  will  be 
in  a  lefs  ratio  than  that  of  their  mafs. 

Jfthe  magnet  does  not  touch  the  bar,  but  is 
held  at  fome  diftance  from  it,  the  phaenomena 
will  be  the  fame ;  but  the  bar  will  acquire  \ek 
magnetifm  than  when  it  was  in  contact  with  the 
magnet. 

Each  point  of  a  magnet  may  be  looked  on  as 
the  pole  of  a  fmaller  magnet,  tending  to  produce 
on  the  points  of  the  magnet  a  force  contrary  to 
it's  own.  The  efFed:  of  this  teqdency  will  be 
greater,  in  proportion  to  the  force  of  the  point, 
and  it's  nearnefs  to  thofe  points  on  which  it,  acls ; 
and  the  force  of  a  magnet  will  depend  on  the 
reciprocal  adion  of  thefe  points  oii  each  other. 

The  adlion  of  a  magnetic  point  is  increafed 
according  as  the  inteniity  of  the  other  points  on  it 
increafes,  as  their  number  is  greater,  and  their 
diftance  from  it  is  lefs.  The  more  the  miagnetic 
points  are  (from  the  figure  of  the  magnet)  broughf: 
together,  and  the  ftronger  their  ac1:ion  on  each 
pther  in  order  to  deftroy  their  reciprocal  forces, 
the  weaker  is  the  force  of  each  point. 

Hence  in  two  bars  of  the  fame  weight  and 
length  the  broadeft  will  be  the  moft  powerful, 
becaufe  it's  longitudinal  fibres  are  more  infu- 
Jated. 

If  a  bar  is  divided  into  two  parts,  each  will 

receive 
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receive  a  greater  degree  of  magnetifm  than  when 
they  were  united. 

From  the  fame  analogy  we  may  infer,  that  the 
exterior  points  and  edges  of  a  magnet  will  have 
more  power  j:han  the  interior  ones  of  the  fame 
bar,  as  they  are  alfo  more  infulated. 

A  bar  is  faid  to  be  faturated  with  magnetifm, 
if  when  fufpended  freely  in  an  horizontal  pofition 
it  continues  to  make  the  fame  number  of  ofcil- 
lations  in  the. fame  time,  though  continued  to  be 
rubbed  with  a  magnet.  As  each  point  of  a  mag- 
net tends  to  deftroy  the  magnetifm  of  the  neigh- 
bouring parts,  the  bar  appears  to  be  in  a  forced 
or  unnatural  flate,  and  the  magnetic  fluid  en- 
deavours to  fpread  itfelf  over  the  bar  in  an  uni- 
form manner,  and  confequently  to  weaken  and 
deftroy  it's  powers.  The  greater  part  of  what 
has  been  faid  on  the  adion  of  the  particles  of 
magnetifm  on  each  other  will  be  found  equai ly 
applicable  to  electricity. 
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dies are  charged  with  elecftrical  matter  only  in 
proportion  to  their  furface  339. 

Air  inflammable  96.  plate  of,  charged  140,  199. 
various  experiments  with  332. 

Amalgam,  how  to  apply  35.  of  what  made  ^9* 

Apparatus  for  experiments  on  attra6lion  53.  for 
firing  inflammable  air  98.  combined  for  ex- 
plaining the  theory  of  the  Ley  den-bottle  119. 
for  medical  eledricity  313.  to  fet  ware  on  fire 
by  theexplofion  in  dephlogifticated  air  372. 

Appearances  on  eledlrified  points  103.  reafon  of 
it  104. 

Atmofphericalele61:ricity239  to250-  diurnal  250. 
of  the  evening  dew  252.  obfervations  on  ditto 
by  Cavallo  255. 

Atmofphere  magnetical  452, 

•Attradion,  experiments  on  11  to  14,  1 5.  proper- 
ties of  ill  u  ft  rated  51,  52,  72,  73.  zones  of  59, 
60,  61.  of  feathers  6^.  balls  69.  thread  69,  70, 
brafs  hoop  70.  paper  images  71,  73.  leaf  gold 

74, 


456         I      N      13      E      X. 

74>  75.of  iilk  ribbons  63,  64,  65*    of  mag- 

netirm384  to  386,  and  389. 
Attraclion  and  repuliion  eledirical  not  accounted 

for  79.  a  new  theory  of  82.  experiments  on,  in 

vacuo  84. 
Axis  of  amagnet  379. 

B. 

Ball  and  ring  experiment^75.  point  experiments 
on  172,  173. 

Balls  of  pith,  experiments  with  54  to  61.  and 
glafs  tumbler  78,  214.  of  cork  15,  13O.  box 
with  ditto  131. 

Barometer,  double  experiment  with  298. 

Battery  eledlrical  147.  wire  melted  by  it  149, 
152.  Quire  of  paper  perforated  149,  151. 
needle  made  magnetic  150.  it's  polarity  de- 
ftroyed  or  inverted  150.  difcharged  through  a 
chain  154.  gold  leaf  melted  154.  glafs  broke 
155.  white  wood  torn  in  pieces  155.  weights 
raifed  156.  lateral  exploiion  156.  difcharged 
through  various  circuits  157.  through  quick* 
filver  160.  and  through  water  in  a  tube  161. 
over  the  furface  of  water  162.  ditto  ice  162. 
through  a  green  leaf  162.  over  fpirits  of  wine 
162.  lengthens  wire  163.  gives  a  vibration  to 
water  163.  forms  prifmatic  circles  on  metals 
164*  pafles  through  long  circuits  164. 

Beccaria  on  atmofpherical  ele^ftricity  242. 

Bells 


INDEX.  457 

Bells  eledlrical  75.  mufical  763  362. 
Boards,  coated,  experiment  with  177 j 
Boats  ele6trified  108. 

Bottle  fpotted  124.  double  126.  various  experi- 
ments on  ditto  128.  luminous  291,  medical 

315- 

Bottle  diredlor  317. 

Bran,  experiment  with  161. 

Bullock's  bladder,  experiment  with  176. 

C 

Camphor,  curious  experiment  with  331 . 

Candle,  experiment  with  106.  difcharge  through 
feveral  204. 

Cannon  eledlrical  fired  330. 

Cantons  phofphorus  336,  231* 

Capillarj^  tubes,  experiment  with  282. 

Cavalloy  piftol  recommended  by  loi.  atmofphe- 
rical  eledlricity  255.  inftruments  for  ditto 
257.  condenfer  238.  very  fenfible  eled:rome^ 
ter  260. 

Ceca  on  atmofpherical  electricity  246. 

Chain,  experiments  with  215,  347, 

Circuits,  various  157,  159,  160. 

Cohefion,  eledric  66,  67. 

Compafs,  variation  defcribed  413.  experiments 
on  ditto  417  to  421.  mariner's  407.  wher^ 
difcovered  408.  needle  does  not  point  exadly 

north  411. 

3  K  Condenfer, 


458         I      N      P      E      X. 

Condenfer,  ele&ical  3117  to  238. 
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Terclla,  dcfcriptionof  427,  430. 
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to  422.    irregular  at  particular  times  416. 

Halleys  account  of  41 2.  Euler's  ditto  41 2. 
Vegetation  haftened  by  eledlricity  299. 
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of  glafs  144.  on  conductors  179  to  183.  ex- 
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Optical  Inftruments. 

£,  s,  d» 

TH  E  beft  double  jointed  filver  fpeiStacles 

with  glafles            — r-                —  i     i     o 

The  beft  ditto  with  Brazil  pebbles        -r-  1   16    o 

Single  joint  filver  fpe£lacles  with  glafles  o  15     o 

Ditto  with  Brazil  pebbles              < I   10    p 

Double  joint  fteel  fpe61:acles  with  glafles  o  10     6 

Another  fort  of  ditto                   —r- —  ©     7     ^ 

Beft  fingle  joint  fpe£lacles                — ?  050 

Ditto  inferior  frames                    j  036 

Nofe  fpe^lacles  mounted  in  filver  070 

Ditto  in  tortoifefliell  and  filver             — »  040 

Ditto  in  horn  and  fteel                ■ ,  .  o     i     a 
Spe6lacles  for  couched  eyes 
Spe£i:acles  with  (hades 

Concave  glafles   in  horn  boxes   for   fiiort  * 
fighted  eyes 

Ditto 
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Ditto    mounted   in   tortoifefliell    and   filver, 
pearl  and  filver,  in  various  manners,  and 
at  different  prices 
Reading  giaffes,  from  2s.  6d.  to  220 

Opera  glafles,  from  10s  6d.  to  220 

Ditto  of  an  improved  conftru6lion  i     i     Q 

Concave  and  conve}^  mirrors  in  frames,  from 

7s.  6d.  to  —  —  18  18     o 

Telefcopes  of  various  lengths,  fizes,  and  prices 
Telefcopes  to  ufe  at  fea  by  night  I   1 1     6 

Acromaticprofpeds,  froni  15s.  to  2  12     6 

Acromatic  telefcopes,  with  brafs  drawers, 
which  may  be  drawn  oiit  at  once,  and  that 
ihut  up,  conveniently  for  the  pocket,  from 
2I.    12s.  6d.   to  — —  13  13     Q 

An  optical  vade  mecum,  or  portable  acroma- 
tic  telefcope  and  micro fcepe,  &c.  for 
tranfparent  and  opake  objc<5s.  Sic.  from 

3I.   13s.  6d.  to  4  14     6 

fik  thirty  inch  acromatic  telefcope,  with  dif- 
ferent eye  pieces  for  terreftrial  and  celeftial 
objeds,  from  81.  8s.  to  ji   U     o 

Ditto  with  rack  work 
An  acromatic  telefcope,  about  three  feet  and 

an  half  long,  with  different  eye  pieces       18   18     0 
Reflecting  telefcopes  of  all  the  various  fizes 
A  three  foot  refleding   telefcope  with   four 
magnifying  powers 

A  ditto  with  rack  work  ;-  36   15     p 

A  two   foot  refleding  telefcope,  with  rack 

work  and  four  magnifying  powers  21     o     o 

A  two  foot   refledling  telefcope,    with  two 

magnifying  powers  >-  12  12     o 

An  eighteen  inch  ditto  880 

A  twelve  inch  ditto  5     5*^ 

Double  refleding  micro fcopes,  from  3I.  13s.  6d. 

to  -  --  -  2100 

Ellis's  aquatic  microfcope  —  220 

Wilfon's  microfcope,  improved  —  2  12     6 

Adams's  lucernal  microfcope  for  opake  and 

tranfparent  objeds,  being  the  moll  pcrfed 

inflrument 
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inftrument  of  the  kind  hitherto  contrived, 
affording  more  entertainnaent  and  inftruc- 
tion  than  any  other  inftrument  -  21     o     o 

Solar  microfcopes  -  -  5     5^ 

Ditto  for  opake  objedls  -  -  s6  i6     o 

Ditto  -  -  -  -  21     o     o 

Camera  obfcuras,   from  1 2s.  to  -  y     y     <6 

Glafs  prifms,  from  7s.  6d.  to  - .  2     2     o 

Magic  lanthorns  a^  -  .150 

Geographical  and^Aftronpmical  Inftruments. 

Adams's  new  eighteen  inch  globes  mounted 

in  the  moft  approved  form,  from  9I.  9s.  to  27  o  o 
Ditto  in  the  Ptolemaic  or  common  manner  660 
Ditto,  tv^elve  inches  in  diameter,   mounted 

in  the  beft  manner,  from  5I.  5s.  to  6  16    6 

Ditto  in  the  common  manner        -  -  3     3^ 

An  armillary  dialling  fphere  -         -         40     o     o 

Manual  orreries,  from  il.  is.  to  3  ^3     ^ 

Planetarium,  tellurian,  and  lunarium  31   10     o 

Adams's  improved  equatorial  dial,   or  port- 
able obfervatory,  from7l.  17s.  6d.  to  31   10     o 
Horizontal  fun  dials,  from  5s.  to          -  12  12    © 
Univerfal  ring  dials,    from  7s.  6d.  to  3     3^ 
Tranfit  inftruments 
Aftronomical  quadrants,  from  50I.  to            800     o     o 

Mathematical  and  Surveying  Inftruments. 

Cafes  of  dravv^ing^Inftruments,  from  7s.  6d.  to  35  ©  0 
Neat  magazine  cafes  of  inftruments  -  11  11  o 
Elliptical  compafles  -  -  440 

Beam  compaifes  with  divifions,  &c. 
Triangular  compaftes  of  a  new  conftrudlion 
Adams's  fedioral  elliptical  and  callipper  com- 
paftes in  one  inftrument,  from  4I.  14s.  6d.  to     990 
Adams's  protradling  parallel  rules,  and  uni- 
verfal plotting  fcale 
Protractors,  feClors,  fcales,  parallel  rules,  Sic, 
A  new  inftrument    for    taking    perfped\ive 

views,  6ic,  -         »         -         -         12  12    o 

A  ditto 
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£,•  ^'  ^» 

A  ditto  for  afcertalning  points              -            2  12  6 

Another  inftrument  for  taking  views         *          5     5  o 
Pantographer,  from  2I.  2s.  to        -           -          660 

Plain  tables,  from  3I.   13.   6d.  to           -         14  14  o 

Theodolites,  from  4L  4s.  to         *        *        31  10  o 

A  neat  portable  theodolite        ^        -        -         8  18  6 
Adams's   improved    double   theodolite,    ex- 
ceeding,  for  accuracy  and   utility,  every 

former  kind,  from  12I.  12s.  to                     31   10  (5 
Meafurio^^'?el»s,'  from  61.  dsr'to  ♦  ''•'*•'  ^iq  10 


Circumferenter,  from  2I.  2s.  to    .        -  15  ij    o 

Philofophical  Inftruments. 

Improved  elc6lrical  machines,  from  3I.  13s.  6d. 

to  -  "  -  -  40    o     o 

Ele6lrical  machine  and  apparatus,  in  a  box, 

from  61.  i6s.  6d.  to         -  -        -         12  12     o 

Medical  apparatus  -  -  2     2     o 

Electrical  machines,  with  a  felc£ted  apparatus, 

in  a  box,  from  7I.  7s.  to  -  31   10     d 

Batteries,  and  all  other  parts  of  an  eledlrical 

apparatus 
Small  fmgle  barrelled  air  pump 
Small  double  ditto 

A  large  ditto         -  *  -         - 

Table  air  pump  -  -         - 

An  improved   air  pump,  fuperior   to  Smea- 

ton's  conftruftion  of  the  pump 
Apparatus  to  an  air  pump,   from  4I.  4Si'to 
Barometers  ... 

Ditto  .  -  .  - 

Barometers,   thermometers,  from  3I.  3s.  to 
Marine  barometers 
Thermometers,  in   mahogany  boxes,  from 

il.  is.  to  -  -  -  I   II 

Ditto  with  Reaumur  and  Farrenheit's  fcales 
Botanic  thermometers  -  -  o  18 

Thermometers  for  brewers,   from  12s.  to        220 
Hygrometers,  from  10s.  6d,  to  «  3*3^ 

The 
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The  mechanic  powers,  comprifed  in  a  fmall 

neat  form  -  -  -  21     o    O 

Ditto,  fitted  up  on  a  larger  fcale,  with  im- 
provements 

An  apparatus   for   making  experiments  on 
accelerated,  retarded,  and  rotatary  motion 

A  mechanic  apparatus  fitted  up  for  the  pur- 

pofe  of  inftru6ling  young  people,  &c.  26     5     o 

A  pneumatir    apparatus,   fitted   up  for  .the 

fame  purpofe  -  -  16   16     o 

An  ele£lrical  apparatus,  fitted  up  on  the  fame 

plan  -  -  -  -  770 

Amagnetical  apparatus,  from  2I.  12s.  6d.  to  10  ip     p 

Condu6tors  for  Ihips  to  preferve  tbem  from 

lightning  -  -  -  $    S     ^ 


SM 


J.Iodt^c'  /?»//>■ 


Tnflodiff  tcmljP- 


^Zodof^fcia, 


^'■^^l/t  ^1-u^. 


Fz^iTJi.VZ. 


IT0M04. 


^;MlliiS?|p' 


^^¥Mr^'W:-^^^^^Z 


Vig-.io5. 


'■I- :'-:/■■/:■[ 


-AX: 


MiZo^e  /?. 


FJ.ATJu    W. 


J.Zoihe  /?*-^ 


Tofac  the£nd  of  ^  Supplement 


D.r.L.  Difiuo-.^ 
MAR  ^3  Idy/ 


COUNTWAY   LIBRARY   OF  MEDICINE 

QC 


516 


KS^S 

^■j^^H 

mm>i 

m  m  1 


1!     Ill  m 


il>      III! 


ill    m 


